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ABSTRACT 


To meet the ever rising demand of electrical energy, most of the countries, 
including India, are going for large scale expansion of their power generation system, 
which is largely based on fossil fuels. The contribution of power plants in the emission of 
Green House Gases (GHGs) has been found to be significant. Thirty nine countries across 
the globe, under a United Nations Framework Convention on Climate Change (UNFCC), 
held in Kyoto in December 1997, decided to reduce their GHG emissions by an average of 
5.2% of their base level emissions in the year 1990, during the first commitment period of 
2008-2012. India has ratified the Kyoto Protocol and is categorized as a non Annex-I 
country, which does not have any emission caps at present. Various tools were proposed to 
assist these emission capped countries in achieving their emission targets, including Clean 
Development Mechanism (CDM). Since not much literature is available to identify and 
quantify the impact of CDM projects on the Indian power sector, this thesis presents a 
detailed study on this subject. 

The present work quantifies various parameters associated with the generation 
expansion planning to identify the CDM projects using GHG emission reduction, total cost 
and Marginal Abatement Cost (MAC) as decision parameters. The utility, financial and 
environmental implications of the identified CDM options on the integrated Indian power 
system has been studied and analyzed. Sensitivity analyses of expansion costs and GHG 
emissions with respect to change in commitment year of CDM options have been 
presented. An Integrated Resource Planning Analyses (IRPA) package and CPLEX 
optimization software have been used for this purpose. 

According to this study. Solar and BIGCC (Biomass Integrated Gasification 
Combined Cycle) technologies have been identified as candidate CDM options. However, 
an analysis of utility, cost and environmental implications of these candidate CDM 
technologies reveal that the BIGCC is a more promising technology under Clean 
Development Mechanism. 


VI 



Chapter 1 


Introduction 


1.1 Background 

Rapid industrial development requiring increased use of fossil fuels resulting in 
depletion of natural resources of energy and increased level of Green House Gas (GHG) 
emissions are some of the major concerns being faced by the world today. Carbon dioxide, 
Methane, Nitrous oxide, Sulphur hexafluoride, per fluorocarbons (PFCs) and hydro 
fluorocarbons (MFCs) are a few main green house gases. The increasing level of GHG 
emissions has already warmed the earth’s atmosphere by 0.3 to 0.6.°C since 1860 and the 
last two decades have been the warmest [1]. The first world climate change conference in 
1979 addressed, for the first time, the problem of climate change and GHG emissions. A 
number of conferences focusing on climate change issue were held during 1980s and early 
1990s. 


It was the United Nations Framework Convention on Climate Change (UNFCC) in 
1992, which pioneered the task of stabilizing GHG emissions. According to the decision 
taken in the third Conference of Parties (CoP) held in Kyoto in 1997, also called the Kyoto 
Protocol, the developed countries will undertake an average reduction of 5.2% in GHG 
emissions between 2008 and 2012 relative to their 1990 levels. The individual targets of 
Annex-I parties (countries which have binding emission caps, also called Annex-B 
countries) were defined. The Kyoto Protocol has devised mechanisms like. Joint 
Implementation, Emissions Trading, and Clean Development Mechanism (CDM) for 
assisting the Annex-I countries in achieving their emission targets [2]. The Kyoto Protocol 
became a legally binding agreement to reduce greenhouse gases emissions world wide on 
lb*** February 2005. At this stage of negotiation, CDM appears to be the most important 
mechanism for both the Annex-I and non Annex-I (developing countries which do not have 
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binding emission caps). Under the CDM, the Annex-I countries will invest the capital in 
terms of efficient technologies or cost-effective technologies in non Annex-I countries, 
rather than in their home countries. The amount of GHG emissions reduced by the 
implementation of efficient technology will go to the credit of Annex-I countries which 
have invested the capital, as Certified Emission Reduction (CER) value [3]. Hence, the 
CDM projects may lead to transfer of efficient technologies and climate friendly 
technologies to the developing countries, in addition to helping the Annex-I countries in 
achieving their emission targets. 

India is the world's fourth largest economy and has a fast growing energy market. 
India's current electric power generation falls 7.1% percent short of demand and peak load 
shortage of 12.1% in 2003-04 [4]. Coal is the primary source for its commercial energy 
needs. Coal is used for approximately 62.3% of India’s electric power generation; oil and 
gas account for 10.2% [5]. High ash content in Indian coal and inefficient combustion 
technologies further contribute to India's emission of air particulate matter and other trace 
gases, including greenhouse gases. The total CO 2 emissions from thermal power plants in 
India stands at 1,081,440 tons per day, while the average CO 2 emission per unit of 
electricity is estimated to be 991 gm/kWh [6]. 

India has ratified the Kyoto Protocol on 26* August 2002. Being a non Annex-I 
country, India is not required to take on the reduction commitments right away. The 
ratification, however, is perceived as a commitment to the cause of environment. Various 
studies have concluded that India is likely to be one of the major countries supplying such 
projects [7]. At present, only a few developing countries are in advanced stages of CDM 
approval institution and project development. The CDM project development process in 
India picked up in early 2002, when the Netherlands government tender CERUPT was 
announced [8]. Given the present scenario of GHG emissions, India should embark on a 
CDM strategy that calls for more investment in the electric power generation sector. 
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1.2 State-of-the-Art 


The emission of Green House Gases (GHG) and global warming associated with it 
has made environmental issues to be discussed in the recent literature. The power sector has 
been reported to be one of the main contributors of GHG emissions in many countries in 
Asia, As of 1999, the share of power sector in total CO 2 emissions was estimated to be 
45.6% in India, 41 .9% in China and 33.6% in Thailand [9]. 

Electricity generation in Asia, as a whole, is expected to increase at a higher rate 
than the global average. The share of thermal power generation is also likely to increase, 
given the expected growth of electricity generation in this region. Looking at the present 
trend, the share of thermal electricity generation is expected to increase to 81% in 2010 in 
case of India [10]. As on 31®‘ March 2004, out of a total installed capacity of 112683.47 
MW, 80688.53 MW is the total thermal power installed capacity [5]. Coal based plants 
share the major part of the power produced in India as it has large reserves of coal. 

The coal-fired plants are a major source of GHG emissions. According to a World 
Bank report, CO 2 emissions in India by the year 2015 will be 775 million metric tons per 
year, as compared with 1000 million metric tons per year in 1999 produced by the entire 
European Union. It also expects that SO 2 and NOx production will be at three times the 
current levels [11]. From a global perspective, India will account for 18% of the increase in 
CO 2 emissions produced from energy use in developing countries between 1985 and 2025 
[12]. Hence, it has become mandatory to explore all the options while bringing the 
emissions of pollutants within a target set [13]. 

The impact of IPPs and DPG and on environmental emissions and utility planning 
in Northern Region Electricity Board (NREB), India was extensively studied in [14]. The 
impact of carbon and energy taxes on environmental emissions and expansion planning of 
NREB system and integrated Indian power system has been presented in [15,16]. One of 
the more recent options for bringing down the emissions of pollutants can be through Clean 
Development Mechanism (CDM). The identification of CDM projects and the assessment 
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of their GHG and other harmful emissions mitigation potential for the case of NREB has 
been studied in [17,18]. In this study, it has been concluded that BIGCC in Traditional 
Resource Planning (TRP) baseline and Nuclear in Integrated Resource Planning (IRP) 
baseline are the most promising CDM projects. 

A methodology for identification of CDM projects has been proposed in [18]. The 
methodology makes use of the least cost generation expansion planning study. Several 
models for long term generation expansion planning of power systems exist such as WASP, 
DECADES, PROSCREEN II, EGEAS, EFOM, MARKAL, etc. At present in India, CEA 
is using Electric Generation Expansion Analysis Systems (EGEAS) and Integrated System 
Planning Model (ISPLAN) models for long term power generation expansion planning. 
The EGEAS model, being a probabilistic model, provides for long range expansion 
planning as it yields very useful quantitative measures of reliability of power supply in the 
future years and gives the total cost of operating the existing and committed system and 
installing and operating the new systems. The transportation of fuel and transmission of 
power are not considered in the EGEAS model, but considered in the ISPLAN model. The 
ISPLAN model is a deterministic model [20]. But, the above said models do not 
incorporate the option of considering CDM options in the generation expansion planning. 
An IRPA (Integrated Resource Planning Analyses) package developed at the Asian 
Institute of Technology incorporates the option of considering CDM options in the 
generation expansion planning [21]. 

Various efficient supply side and demand side options for GHG emission mitigation 
from an Integrated Resource Planning perspective have been discussed in detail in [22]. 
The supply side options may include clean coal technologies like Integrated Gasification 
Combined Cycle (IGCC), Pressurized Fluidized Bed Combustion (PFBC), and Biomass 
Integrated Gasification Combined Cycle (BIGCC) and renewable energy resources like 
Wind and Solar. Demand side management options may include replacement of GLS lamps 
[31] with Compact Flouroscent Lamps (CFLs). Limited DSM data for the residential sector 
is derived from different available literature [29]. The chronological load curve for the 
agricultural sector is presented in a TERI report based on study done in Uttar Pradesh [32]. 
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The method for calculating the Marginal Abatement Cost (MAC), which is one the 
decision parameter in identifying the CDMs is explained by Maya and Fenhann in [24]. 
Marginal Abatement Curves (MACs) may be used heuristically to demonstrate the 
advantages of emission trading and CDM. The MAC calculation methodology suggested in 
[27] can be useful in examining the implications of emissions trading for various trading 
scenarios involving, Annex B market, OECD market, full global trading. 


1.3 Motivation 

Emissions of Green House Gases and other pollutants from the power sector and its 
firmly established link with global warming and environmental pollution has made this 
issue to be discussed at various platforms in the recent past. It has become a major concern 
all over the world to put a cap on the emissions from the power sector. The evolution of 
Kyoto Protocol is a huge leap in this direction. Many of the developed countries have 
accepted the Kyoto Protocol and started an attempt to stabilize the GHG emissions. 
Emissions in the developing countries are also increasing rapidly as the power sector is 
expanding at a much faster rate to meet their economic growth. Hence, it has become a 
moral obligation for developing countries also to take some fast actions for the abatement 
of greenhouse gases, 

Indian power sector which accounts for a major share in its total GHG emissions, is 
mainly fossil fuel dependent. There are various policy options available to reduce GHG 
emissions from Indian power sector such as increasing thermal efficiency, fuel switching, 
adopting clean coal technologies, utilizing efficient electric appliances (DSM), and 
reducing T&D losses. But the hurdle for implementing these policy options is lack of 
financial support as India is a developing country. 


Given the present scenario of the GHG emissions from the Indian power sector 
and the advantages of CDM, the Indian Government has ratified the Kyoto Protocol in 
August 2002 and has decided to utilize the process of CDM initially in the power sector. 
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Since then, the Government of India has embarked on studying the impact of CDM on the 
Indian power system. Indian power sector is also strengthening its national grid 
interconnection to take advantage of the diversity of resources available for power 
generation in the county. This will also require changing into present generation expansion 
planning strategy at the regimal levels to an integrated national level planning. 

From the literature survey, it appears that a systematic study on identifying the 
CDM projects, specifically for the integrated Indian power system network has not been 
carried out. Hence, the main motivations for the present study have been the following; 

1) Identification of the plants which could be selected as the CDM options in the 
generation expansion planning scenario without DSM options known as 
Traditional Resource Planning (TRP) and also with DSM options considered 
known as Integrated Resource Planning (IRP) baseline. 

2) To assess the potential of the identified CDM options in mitigation of GHG 
emissions and to study their utility and financial implications. 

3) To identify the CDM projects with respect to various global trading scenarios, 
considering MAC as the decision parameter. 

1.4 Thesis Organization 


The work carried out in this thesis has been presented in four chapters. The present 
chapter discusses the importance of mitigating the GHG emissions from the electric power 
sector and briefly introduces the Clean Development Mechanism (CDM). It presents a 
representative state-of-the-art survey on the subject and sets the motivation behind the 
studies carried out in this thesis. 

Chapter 2 describes in detail the methodology for identifying plausible CDM 
projects for the Indian power system, using the Integrated Resource Planning Analysis 
approach. The methodology for analyzing the utility, financial and environmental impacts 
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of CDM on the Indian power system has also been presented. An overview of the 
integrated Indian power system along with the input data and assumptions made in the 
analysis has been presented. 

Chapter 3 provides the least cost generation expansion planning results under TRP 
and IRP baselines. Based on the results obtained, the plausible CDM options have been 
identified and their utility, financial and environmental implications have been studied. 
After analyzing the economics of CDM options, various trading scenarios with the Annex-1 
countries which can trade under the CDM, have been studied to identify CDM projects. 

Chapter 4 concludes the main findings of the work and suggests scope for future 
research in this area. 


7 



Chapter 2 


Methodology and System Data 

2.1 Introduction 

The objective of identifying projects under Clean Development Mechanism (CDM) 
requires performing least cost generation expansion planning studies. The least cost 
generation expansion planning determines the minimum-cost capacity addition plan (i.e., 
the type and number of candidate power plants) that meets the forecasted demand within a 
pre-specified reliability criterion over a planning horizon. The cost factor includes the 
capital investment cost and the power generation cost. Capital investment cost represents 
the total capital outlay necessary to build a power plant. Power generation cost includes the 
fuel cost, the fixed operating and maintenance cost and variable operating and maintenance 
cost. Different types of fuels considered in this study are coal, gas, oil, lignite and nuclear 
fuels. Coal is further categorized into twelve types according to their cdorific value, cost 
and different process required for the combustion of the fuel. 

The present study is also aimed at providing valuable insight in to the cost-effective 
technologies available for GHG mitigation, which need to be adopted in the power 
generation expansion planning. Role of supply side options in mitigating GHG emissions 
for the Indian power system has been analyzed. In supply side options, Pressurized and 
Fluidized Bed Combustion (PFBC) and Integrated Gasification Combined Cycle (IGCC) 
are taken as clean coal technologies, whereas Wind, Solar and Biomass Integrated 
Gasification Combined Cycle (BIGCC) plants are taken as renewable technologies. The 
demand side options considered for the study are replacing the GLS lamps [29] in 
residential sector with energy efficient CFL lamps [31] and rectification of agricultural 
pumps [32]. Study covers utility planning implications, cost and pricing implications, 
environmental implications under Traditional Resource Planning (TRP) and Integrated 
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Resource Planning (IRP) cases. Study is limited to a planning horizon of 20 years viz. from 
2006 to 2025. The present chapter describes the mathematical formulation of the generation 
expansion planning problem along with methodology for identifying CDM projects and the 
data of integrated Indian power sector used in the study. Integrated Resource Planning 
Analyses (IRP A) package developed by [21] AIT and CPLEX software [23] has been used 
for solving this Multi Integer Programming problem which in turn gives the least cost 
generation expansion plan. 


2.2 Mathematical Formulation of the Generation Expansion 
Planning Problem: 

Integrated Resource Planning Analyses (IRP A) is a least cost generation expansion 
planning model which computes the total cost, including installation cost, operation and 
maintenance (O&M) cost and fuel cost. The IRPA also computes the emission levels of 
different pollutants and determines the optimal schedule for new capacity addition. 

2.2.1 Objective function 

The least cost generation expansion planning minimizes the total cost of candidate 
power plants and the cost of power generation from the existing and candidate power plants 
over the complete planning horizon. Mathematically, the objective of the least cost 
generation expansion plan is to; 

Minimize 

J T M T 
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szz(A. 

1=1 r=l (=1 /=1 p=l s=l 1=1 

where, 

Cjv : Discounted capital cost of candidate power plant ‘j’ to be commissioned in 
vintage ‘v’. 

Gjv : Discounted cost of installing emission control devices in power plant ‘j’, to be 
year ‘v’. 

Wjv : Discounted salvage cost of power plant ‘j’, commissioned in year ‘v’ after time 
horizon ‘T’. 

Yjv : Number of power plants of type ‘j’ installed in year ‘v’ (An integer variable). 

CPmv : Discounted capital cost of candidate power plant ‘j’, to be commissioned in 
vintage ‘v’. 

WPmv : Discounted salvage value of pump storage hydro power plant ‘m’, 
commissioned in year ‘v’ after time horizon ‘T’. 

YPmv : Number of pump storage hydro plants of type ‘m’ installed in year ‘v’ (An 
integer variable). 

Ujpstv : Power generation of candidate power plant ‘j’ of vintage ‘v’ in block ‘p’ of 
season ‘s’ in year ‘t’. 

Fjpstv : Cost of per unit power generation from candidate power plant ‘j’ of vintage ‘v’ 
in block ‘p’ of season ‘s’ in year ‘t’. 

Nst : Number of days' in season ‘s’ of year ‘t’. 

0st : Width of block ‘p’ of chronological load curve of season ‘s’ of year ‘t’. 

Ukpstv : Power generation from plant ‘k’ of vintage ‘v’ in block ‘p’ of season ‘s’ in year 

‘t’. 

Fkpstv : Cost of per unit power generation from existing or committed power plant ‘k’ of 
vintage ‘v’ in block ‘p’ of season ‘s’ in year ‘t’. 

UPmpstv : Power generation from candidate pump storage hydro power plant ‘m’ of 
vintage ‘v’ in block ‘p’ of season ‘s’ in year ‘t’. 

FPmpstv : Cost of per unit power generation from candidate pump storage hydro power 
plant ‘m’ of vintage ‘v’ in block ‘p’ of season ‘s’ in year ‘t’. 
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2.2.2 Constraints 

(a) Demand constraints: 

This constraint requires that the total generation in each block of the planning 
horizon, from candidate and existing plants, will be more than or equal to the power 
demand during the planning horizon. Mathematically, the demand constraints can be 
formulated as follows: 


I J IK I M 

Z E ( 1 - + E E • (' - ) + E E KP.,™ ■ ( 1 - + 


t N t K4 t N 
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where, 

Mjpst : Transmission loss in transmitting power from candidate generating station ‘j’ to 
load center in block ‘p’ of season ‘s’ in year ‘t’. 

Mkpst : Transmission loss in transmitting power from existing generating station ‘k’ to 
load center in block ‘p’ of season ‘s’ in year ‘t’. 

Mtnpst : Transmission loss in transmitting power from candidate pump storage hydro 
power plant ‘m’ to load center in block ‘p’ of season ‘s’ in year ‘t’. 

Mnpst : Transmission loss in transmitting power from candidate pump storage hydro 
power plant ‘n’ in block ‘p’ of season ‘s’ in year ‘t’. 

Zirt : Number of efficient appliances retired in year‘t’ under DSM program ‘i’ by 
consumer category ‘r’. 

Pirps : Power savings by efficient appliance under DSM program ‘i’ for consumer type 
‘r’ in block ‘p’ of season ‘s’. 

Eirpst : A fraction of the total installed appliances in use under DSM program ‘i’ for 
consumer type ‘r’ during period ‘p’ of season ‘s’ in year ‘t’. 
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Oipst : Distribution loss for distributing power among consumer group ‘r’ in block ‘p’ 
of season ‘s’ in year ‘t’. 

Qpst : Power demand in block ‘p’ of season ‘s’ in year ‘t’. 

(b) Plant availability constraints: 

The power generation of each plant is limited by the capacity and availability of the 
plant in each period of the day. This constraint also takes into account the maximum limit 
on power import. Mathematically, the plant availability constraints can be formulated as 
follows: 


u. „ <Y. -a. -B. 

jpstv — JV JV JV 
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where, 

akv : Availability of candidate power plant ‘j’ of vintage ‘v’. 

Bjv : Maximum capacity of candidate power plant ‘j ’ of vintage ‘ v’ . 
aicv : Availability of existing or committed power plant ‘k’ of vintage ‘v’. 

Bkv : Maximum capacity of existing or committed power plant ‘k’ of vintage ‘v’ . 

YPinv : Number of pump storage hydro power plants of type ‘m’ installed in year ‘v’ 
(An integer variable). 

apmv : Generation availability of candidate pump storage hydro power plant ‘m’ of 
vintage ‘v’. 

BPmv : Maximum generation capacity of candidate pump storage hydro power plant 
‘m’ of vintage ‘v’. 
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apnv : Generation availability of existing or committed pump storage hydro power 
plant ‘n’ of vintage ‘v’. 

BPnv : Maximum generation capacity of existing or committed pump storage hydro 
power plant ‘n’ of vintage ‘v’. 

aqnv : Pumping availability of candidate pump storage hydro power plant ‘m’ of 
vintage ‘v’. 

BQmv ■. Maximum pumping capacity of candidate pump storage hydro power plant ‘m’ 
of vintage ‘v’. 

BQnv : Maximum pumping capacity of existing or committed pump storage hydro 
power plant ‘n’ of vintage ‘v’. 

(c) Reliability Constraints: 

The reliability of the power system is specified by setting up a reserve margin. 
Reliability constraints are defined in such a way that the total capacity of the plants and 
power generation avoided by efficient appliances should be greater than or equal to the 
peak demand plus the reserve margin in each year of the planning horizon. 


j t 


N I 


v=-v ' y=l v=I n=l v=-V 

Ml . , I R [f I , -I J- 

ZZh’-.-sc i-^v. +SZ Zz„-Zz:, 


M r=l LV /=! /=! 

> for all ‘t’, ‘s’. 


where, p represents the peak load. 


(d) Annual energy constraints: 

Annual energy constraints are defined to limit the energy generation of each thermal 
plant according to the capacity, availability and time required for scheduled maintenance of 
the plant. Mathematically, the annual energy constraints may be modeled as: 
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forall'j’, ‘v’, Y. 




< (8760-m^).5^ 


for aIl‘j’,V, ‘t’. 


where, 

nijv : Scheduled maintenance hours/year of candidate power plant ‘j’ of vintage ‘v’. 

micv : Scheduled maintenance hours/year of existing or committed plant ‘k’ of vintage 

‘v’. 

(e) Hydro energy availability constraints: 

Hydro energy availability constraints are defined for each hydro plant such that its 
total energy output in each season should not exceed the pre-specified energy limit. 
Mathematically, the hydro energy availability constraints can be formulated as: 


p^l 

P 

kpslv ' ^pst ) ' ^ St ~ ^kstV 


for all ‘j’, ‘s’, ‘t’, ‘v’. (j= Hydro plants) 
for all ‘k’, ‘s’, ‘t’, ‘v’. (k= Hydro plants) 


't(Ujps.-0pst)-K,-'t{QP.ps. 

p^\ p^l 

tKs.-^ps,yK-t(QPttps. 


■^pst-^^n.v)-K,^^P,ns„ 

•dps,-¥Pnv)-^st^^Pns,. 


for all ‘m’, ‘s’, ‘t’, ‘v’. 
for all ‘n’, ‘s’, ‘t’ , ‘v’. 


where, 

TTst : Hydro energy available at hydro plant ‘j’ of vintage ‘v’, in season ‘s’ of year ‘f . 

Jtkstv : Hydro energy available at hydro plant ‘k’ of vintage ‘v’, in season ‘s’ of year ‘t’. 

efpmv : Efficiency of candidate pump storage plant ‘m’ in vintage ‘v’. 

efpnv : Efficiency of existing or committed pump storage plant ‘n’ in vintage ‘v’. 


15 



Ttpmstv : Hydro energy available at candidate pump storage hydro power plant ‘m’ of 
vintage ‘v’, in season ‘s’ of year ‘t’. 

Tipnstv : Hydro energy available at existing or committed pump storage hydro power 
plant ‘n’ of vintage ‘v’, in season ‘s’ of year ‘t’. 

(f) Fuel or resource availability constraints: 

The fuel or resource availability constraints are defined to limit the energy 
generation of plants by particular fuel types if such limitations exist during the planning 
horizon. Mathematically, the fuel or resource availability constraints can be modeled as: 

tit ty^-Ui^^-0,,-N,,-^ttttrj.-Uj^.-e,., 

/=1 s=\ p=lv=-F /=1 s=l p=lv=l 

for all ‘j’, ‘k’ and same type of plants. 


where, 

Xjmax : Maximum resource availability for plant type j. 

(g) DSM constraints: 

These constraints are defined by the penetration rates of various DSM programs. 
Mathematically the DSM constraints can be modeled as follows: 

^ forall‘i’, ‘r’,‘t’. 

/=1 /=! 

where, 

Airt : Maximum appliances population under DSM program ‘i’ among ‘r’ type of 
consumer in year‘t’. 

Prt : Penetration rate of DSM program ‘i’ for consumer type ‘r’ in year ‘t’ . 
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2.3 Methodology for Identification of CDM Projects in the Power Sector 
and Assessment of their GHG Emission Mitigation Potential 

The basic analytical framework for the identification of a power sector project for 
implementation under CDM involves a least cost generation expansion planning model. 
The Integrated Resource Planning framework, as formulated in section 2.2 has been used to 
calculate the GHG emission with and without committing the candidate CDM options 
following the procedure given below for the two broad cases: a) Traditional Resource 
Planning (TRP) i.e., without DSM and b) Integrated Resource Planning (IRP) i.e., with 
DSM as illustrated in Figure 2.1. 

1) Firstly, the least cost generation expansion plan is carried out for base cases of both 
TRP and IRP. The plants which are not selected in the base case during the planning 
horizon are taken as the plausible CDM projects for the analyses. 

2) In the next step, the plants identified in step 1 are committed and the least cost 

generation expansion plan is carried out. The following conditions have to be 
satisfied: Ecdm (CO 2 ) < Eo (CO 2 ) and TCcdm ^ TCo 

where, the quantities Ecdm(C02) and TCcdm refer to the total CO 2 emissions and the 
total generation expansion planning cost in the case when the candidate CDM is 
committed and the quantities Eo(C02) and TCo refer to the total CO 2 and the total 
generation expansion planning cost in the base case. These conditions ensure that 
the CDM project when committed reduces GHG emissions (CO 2 in the present 
study), but, in conventional planning scenario, these are not selected due to their 
high cost. 

3 ) From the results, one can calculate the Marginal Abatement Costs (MACcdm) for 
each of the CDM options using the formula described in section 2.6.3. 

4) Compare the MAC of each CDM candidate plant with those in the developed 
countries. For this purpose. Marginal Abatement Cost of the developed countries 
was taken from [27] as shown in Tables 3.16 and 3.17 in the next chapter. If the 
MACcdm of a particular CDM candidate is found to be less than MACAnnex-i. this 
candidate should be identified as the selected CDM project against trading with a 
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particular country or countries. The flow chart of the methodology is presented in 
Figures 2.1 and 2.2. 



Figure 2.1: Calculation of GHG Emission Level with CDM Candidate 
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Figure 2.2: Selection of CDM Projects 
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2.4 Overview of Indian Power Sector 
2.4.1 Electric power situation in the country 

Power Development is the key to the economic development of any country. The power 
sector has been receiving adequate priority in India ever since the process of development 
began in 1950. Indian power sector has grown enormously over the past five decades. From 
an installed capacity of 1713 MW in 1950, it has grown to 1 12683.47 MW in the year 2004 
[5]. In spite of such quantum increase in installed capacity, at present, the energy shortage 
is 7.1% and peak load shortage of 12.1% persisted during April to December 2004 [4]. As 
per the 16**’ Electric Power survey (EPS) of India [25] published by CEA, it is estimated 
that the country’s peak demand would reach a figure of 157107MW and energy 
requirement of 975 billion units by the year 2011-12. To bridge the gap between demand 
and supply, there is an ambitious plan for power development to add another 1 00,000 MW 
of the installed capacity by the end of 2012. 

The present power generation mix relies on domestic coal to provide three fifth of 
the country’s power, large hydroelectric dams provide about one quarter. Gas fired power 
has grown from almost nothing to one tenth of the total generation in the last decade due to 
reduced risk associated with low capital requirements, shorter construction periods, reduced 
environmental impacts and higher efficiencies. Nuclear power contributes to less than three 
percent of the total generation. The installed capacity of different types of plants in the 
Indian power sector as on 3 1 ** March 2004 is shown in Table 2.1. 


Table 2.1: Installed capacity in MW (As on 31.3,2004) [5] 


Region 

mgiQi 

Thermal 

Diesel 

Gas 

Wind 

Nuclear 

Total 

Northern 

10588.39 

15914.50 

14.99 

3213.20 

178.50 

1180.00 

31089.58 

Western 

4986.58 


17.48 

5035.72 

632.46 

760.00 

32123.74 

Southern 



949.29 

•2650.40 



29906.92 

Eastern 

2455.77 

14527.38 

71.25 

190.00 

5.18 

0.00 

17429.58 

North-Eastern 

1113.02 

330.00 

119.82 

750.50 

0.32 

0.00 

2313.66 

All India 

29506.83 

64955.88 

1172.83 



2720.00 

112683.5 
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2.4.2 Electricity demand forecast 


According to the 16* Electric Power Survey of India [25], the total peak load and Energy 
requirement projection of the country are given in Table 2.2 below: 

Table 2.2: Peak load and energy requirement 


Year 

Energy requirement 
(MkWhr) 

Peak Load (MW) 

Load factor 
% 

2006-07 

719097 

115705 

70.95 

2011-12 

975222 

157107 

70.83 

2016-17 

1318644 

212725 

70.70 


2.5 System Data and Assumptions 
2.5.1 Existing plant data 

th 

The existing thermal and hydro power plant data has been taken from the 16 
Electric Power Survey issued by the CEA [25]. After combining some of the identical 
units, it is found that there are total 760 existing thermal plants and 313 existing hydro 
plants. Detailed breakup of the existing thermal power plants is as shown in Table 3.3. The 
capacity of the plant, operating cost, fixed O&M costs, annual maintenance hours, plant 
availability, type of fuel used, fuel consumption rate. Calorific value of the fuel used, air 
pollutant emission rate, available hydro energy in the diy and wet seasons (in case of hydro 
power plants) and various other details are included in Appendix-A and B. 

Table 2.3: Number of different types of thermal plants 


Plant type 

Coal 

Gas 

Oil 

Lignite 

Nuclear 

Total 

Number of plants 

448 

211 

38 

37 

26 
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2.5.2 Electricity demand data 


Electricity demand for the Indian system has been taken from 16*^ Electric Power 
Survey (EPS) of India [25], which projects the peak demand and energy up to year 2016. In 
the present study, demand forecast is required to be projected up to the year 2025. This 
forecast data is not available. So, peak demand up to 2025 has been extrapolated by taking 
average percentage growth of 6.3%. Demand in between the years has been calculated 
through interpolation of 16^ EPS report data. Detailed forecast for each year of planning 
horizon is shown in Table 2.4. 


Table 2.4: Electricity demand data- All India [25] 


Year 

Peak 

Demand 

MW 

Load 

factor 

% 

Energy 
Demand in 
(MkWh) 

2006 

115705 

70.95 

719097 

2007 

122982 

70.94 

764256 

2008 

130718 

70.93 

812251 

2009 

138940 

70.93 

863260 

2010 

147680 

70.92 

917473 

2011 

157107 

70.83 

974815 

2012 

166910 

70.81 

1035351 

2013 

177409 

70.76 

1099647 

2014 

188479 

70.74 

1167935 

2015 

200240 

70.72 

1240464 

2016 

212725 

70.7 

1317497 

2017 

226000 

70.68 

1399313 

2018 

240102 

70.66 

1486210 

2019 

255084 

70.64 

1578504 

2020 

271001 

70.62 

1676529 

2021 

287911 

70.6 

1780642 

2022 

305876 

70.58 

1891219 

2023 

324963 

70.56 

2008474 

2024 

345241 

70.53 

2132999 

2025 

366784 

70.5 

2265245 
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2.5.3 Candidate plant data 


Six types of candidate thermal power plants have been considered viz., Coal 5- 
500MW, Coal-7 500 MW, CCGT 250MW, Lignite 250 MW, PFBC 500 MW and IGCC 
500 MW. 

Three types of candidate renewable power plants viz. wind, solar and BIGCC have 
been considered. The estimated technical potential of wind power available in the country 
is 13000 MW. India now has the 5* largest wind power installed capacity in the world, 
which has reached 1870 MW. Grid connected solar photovoltaic power projects 
aggregating to 2490 KW have so far been installed and other projects of capacity 800 KW 
are under installation. BIGCC combines gasification technology with the gas turbine 
technology to produce more output with cleaner emissions. BIGCC plants are expected to 
generate electricity at efficiencies exceeding 40% in the future and are currently at the early 
stages of commercialization. There exists a total potential of 16000MW of power using the 
BIGCC technology in the country [28]. 

No candidate nuclear power plant has been considered in this study. Candidate 
hydro power plants have been taken from the tentative list of hydro power plants expected 
to come after the year 2012. About 50 candidate hydro power plants have been considered 
in the study. Details of these plants are given in Appendix-C. 


2.5.4 Supply side options 

a) Clean coal technologies 

Two types of clean coal technologies viz. Pressurized Fluidized Bed Combustion 
(PFBC) and Integrated Gasification Combined Cycle (IGCC) are considered as supply side 
options in the present study [34]. 

b) Renewable technologies 

In the present study, Wind, BIGCC and Solar are considered as renewable 
technologies. Solar plants of capacity 2 MW, BIGCC plants of capacity 132 MW and wind 
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plants of capacity 10 MW are considered. Daily energy generation pattern of Wind and 
Solar plants has been obtained by using wind speed and solar radiation data of some 
specific locations in India [34,35]. Detailed data of these plants is given in Appendix-C. 


2.5.5 Demand side options 

End use efficiency improvement and Demand Side Management (DSM), offer new 
hope to Indian utilities to bring the demand and supply of electricity closer into balance, 
when the country is experiencing an overall energy deficiency with peak demand remaining 
unserved. Five categories of demand side options have been considered for the present 
study, three in the residential sector and two in the agricultural sector. These are listed as 
following: 

Table 2.5: DSM options considered for the study 


Sector 

DSM Options 

Residential 

DSM 1 : Replacement of lOOW incandescent bulb by 20W CFL 

DSM 2: Replacement of 60W incandescent bulb by 1 1 W CFL 

DSM 3: Replacement of 40 W incandescent bulb by 9W CFL 

Agricultural 

DSM 4: Replacement of inefficient pumps by efficient ones 

DSM 5: Partial rectification of pumps 


In 2003-04, the total connected domestic load was approximately 49% of the total 
connected load. Lighting accounts for 28% share of the total domestic energy consumption. 
Present lighting system used in the domestic sector is largely incandescent lamps and to 
some extent fluorescent lamps. In the domestic sector, there exists a very strong case for 
substituting low efficiency incandescent lamps with high efficiency fluorescent lamps, 
while increasing the level of lumen output [29,30]. Chronological load curve of the 
residential sector is based on survey report done for Gujarat State Electricity Board [30]. 
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India is primarily an agriculture based country. Agriculture pumps account for 23% 
of electricity consumption [32]. Thus, rectification of agriculture pumps is a promising 
DSM option. Complete rectification of the agriculture pumps involves changing of 
inefficient pumps with efficient ones, which increases the efficiency up to 65%. Partial 
rectification of agriculture pumps includes replacement of local foot valve by low 
resistance foot valve, substitution of G.I. pipe in suction line by low friction RPVC pipe of 
proper diameter, which increases the efficiency by 27% [32]. Chronological load curve for 
the agriculture sector is taken from a TERI report based on study done in Uttar Pradesh. 
The detailed data for DSM is shown in Appendix-C. 

2.5.6 Assumptions 

In the present study, most of the data are consistent with the norms used in India for 
power generation expansion planning. The assumptions made in this study are listed below: 

1 . The planning horizon is taken as 2006-2025, base year is considered as 2000 and 
discount rate as 10%. Reserve margin is taken as 5% for all the years. Transmission 
loss rate is taken as 4%. 

2. For hydro plants, twenty blocks are taken in one season and two seasons are 
considered in one year. Season 1 is of total 92 days (July, August and September) 
and seasons 2 (rest of the months) consist of total 273 days. All the cost figures are 
taken for the base year of 2000. 

3. Minimum operating capacity is taken as 30% of the installed capacity for thermal 
power plants. Operating cost is taken as 1% of the total capital cost and fixed 
operating and maintenance (O&M) cost as 2.5% for thermal plants. Operating cost 
for hydro plants is assumed to be zero and fixed O&M cost is taken as 1 .5% of the 
total capital cost. Annual maintenance hours are taken as 864 for coal and Nuclear 
based power plants, 1296 for gas and oil based power plants. Availability of 
existing power plants is shown in Table 2.4. The Availability factor for candidate 
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thermal plants like Coal 5 and Coal? has been taken as 0.73. For hydro plants it is 
0.87, for IGCC and PFBC it is taken as 0.85, for gas-based plants it is taken as 0.71. 
These figures are based on the norms used by CEA. 


Table 2.6 Availability factor for existing power plants 


Plant based on 

Coal 

Nuclear 

Gas 

Lignite 

Hydro 

Oil 

IGCC&PFBC 

Availability Factor 

0.73 

0.58 



0.87 

0.8 

0.85 


4. Life time of the power plants has been considered as 30 years. It is also assumed 
that no existing power plant would retire during the planning horizon as the stations 
are undertaking many schemes for renovation and modernization regularly. 

5. Nineteen types of fuels have been considered which include 12 types of coal with 
different GCV and prices. Gas, Lignite, Nuclear, Oil, Biomass, Solar and Wind. 

6. It is assumed that the data of fuel consumption, GCV of Fuel and heat rate furnished 
by the stations are correct. 

7. The GCV of the fuel for each station has been assumed to be within the range of the 
GCV of fuel types considered. 

8. Committed power plant data has been taken from the perspective plan of capacity 
addition issued by Government of India [26]. 

9. In DSM data, replacement of incandescent bulbs by Compact Fluorescent Lamps 
(CFL) are derived from the available references [29,30,32]. Breakdown of GLS 
lamps of different power ratings i.e., 40, 60, 100 Watts and others in the residential 
sector are assumed in the ratio of 45:35:15:5. Breakdown of installed GLS lamps in 
different sectors i.e., domestic, commercial and industrial are assumed in the ratio 
of 70:25:5. This ratio is just an intelligent assumption based on survey report done 
in small region of Gujarat [31]. 

10. For easiness of study and sensitivity analysis, all units of plausible CDM plants have 
been committed simultaneously in one year assuming that all amount needed for 
installation is available from one of the Annex-I countries. 
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2.6 Analysis of Results 


The detailed results of the study are presented in Chapter-3. The analysis has been 
carried out to study the following aspects: 

2.6.1 Utility planning implications 


For different cases considered, the generation capacity mix, generation technology 
mix, fuel mix, DSM programs selected, etc., have been compared under different scenarios. 

2.6.2 Economical/Financial implications 

For different cases considered, the expenditures related to electricity generation 
costs, capacity costs, DSM costs, and annual investment requirements during the planning 
horizon would be discussed. Electricity price could be expressed as the sum of the average 
incremental cost (AIC) of generation and long run marginal cost (LRMC) of the 
transmission and distribution. 

Electricity price = Total LRMC = AIC + LRMCt + LRMCd 

Shrestha et al. [21] estimated AIC at the generation level by using the following formula: 


AIC = 


TC - C, -tvq /(l -b .y )l/f Zte - E,)/(l + r') I 

/=i 


Where 


TC = Present value of total cost. 

Cl = Present value of capital cost in year 1 . 

VCi = Total fuel, O&M, and DSM costs( in case of IRP) in year 1. 
El, Ei = Electricity generation in year 1 and i respectively, 
r = Discount rate 
T = Planning horizon. 
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2.6.3 Environmental implications 


To assess the role of CDM options under both TRP and IRP, the expansion planning 
model has been run by committing the candidate power plants and also for base case 
without these plants. The difference in air pollutant emission under these cases gives the 
contribution of these plants in mitigating emissions. The mitigation costs due to these 
plants are also calculated. The average marginal abatement cost (MAC) of a environmental 
pollutant can be calculated as follows (Maya and Fenhann [24]): 

MAC = (rc, - rc„)/|t (£„, - eJ{\ + r/j 

Where TCc = Present value of total cost in the case where candidate CDMs are 
committed. 

TCo = Present value of total cost in case where candidate CDMs are not 
committed. 

Eo,t = Pollutant emission in year t in case where candidate CDMs are not 
committed. 

Ec,t = Pollutant emission in year t in case where candidate CDMs are committed, 
r = Discount rate 

T = Number of years in the planning horizon. 

2.7 Conclusions 

The methodology for identifying projects under the Clean Development Mechanism 
(CDM) using least cost generation expansion planning studies has been presented in this 
chapter. An overview of the present Indian power system has also been included. The input 
data, various supply side and demand side options considered in the study were described. 
The methodology for analyzing the impact of Clean Development Mechanism options on 
utilities, electricity price, expansion costs and GHG emissions has also been presented. 
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Chapter 3 


System Studies 


3.1 Introduction 

The previous chapter has presented the methodology for identification of the Clean 
Development Mechanism (CDM) projects based on the least cost generation expansion 
planning studies and also the details of the Indian power sector data to be utilized in this 
study. This chapter presents the results of the generation expansion planning studies carried 
out on the Indian power sector data under Traditional Resource Planning (TRP) scenario, 
i.e. without considering any Demand Side Management (DSM) options, and also under the 
Integrated Resource Planning (IRP) scenario, i.e. considering both the supply side and 
demand side management options. Plausible CDM options in the power sector are those 
plants, which do not get selected in the normal least cost generation expansion planning 
exercise due to their high cost but has potential to reduce the GHG emissions (only CO2 
emissions considered in this study), when such plants are intentionally committed in the 
planning studies. Trading under CDM can take place with those countries (or a country), 
where the Marginal Abatement Cost (MAC) to reduce the GHG emissions is higher than 
the Marginal Abatement Cost found with the plausible CDM options. 

In India, the generation expansion planning is normally carried out by the Central 
Electricity Authority (CEA), New Delhi, separately for each of the five regions. However, 
as the country is moving ahead with strong national grid and to utilize the diverse resources 
available in each region, it is worth considering the integrated planning at the national 
level. Hence, TRP and IRP studies in the present work have been carried out for the 
integrated Indian power system network. 
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3.2 CDM Options Identified for TRP and IRP Baselines 


The least cost generation planning exercise was carried out for the integrated Indian 
power system data as described in previous chapter and Appendix A, B and C for the TRP 
base case and the IRP base case. The details of the technology options (Thermal, Nuclear, 
Renewables and Hydro), that were selected in these cases during the planning horizon of 
2006-2025, are given in Tables 3.1, 3.2, 3.3 and 3.4. 


Table 3.1: Technology options (Thermal & Renewables) selected in TRP base case 


Year 

Coal-5 

(500) 

Coal-7 

(500) 

CCGT 
(250) 

PFBC 

(500) 

IGCC 

(400) 

Lignite 

(250) 

Solar 

(2) 

Wind 

(10) 

BIGCC 

(132) 

igm 

27 

0 

20 

1 

1 

4 

0 

500 

0 



0 


1 

1 

4 

0 

500 




0 

20 

1 

1 

5 


500 


2009 

27 

0 

25 

1 

1 

5 

0 



2010 

27 

0 

■■ 

1 

1 

18 

0 



2011 

27 

0 

35 

1 

1 

22 

0 

500 


2012 

27 

0 

40 

1 

1 

28 

0 

500 


2013 

27 

0 

45 

3 

1 

32 


1000 

HBHI 


27 

0 


15 

8 

36 

lEH 

1000 

IHHI 



0 

55 

17 

17 


nmn 

1000 

IHH 


32 

0 


19 

19 

44 

lEH 

1000 

IIDIH 

2017 

61 

0 

65 

21 

21 

48 

0 

1000 




0 

70 

22 

22 

52 

0 

1000 



125 

0 

75 

23 

23 

56 

0 

1000 



162 

0 



25 


mom 





0 

85 


26 

64 

H9H 




230 

0 


27 

27 

68 

0 



2023 

250 

20 

95 

28 

28 

72 

0 



2024 

250 

69 

105 

29 

29 

76 

HQII 



2025 

275 

93 

115 

30 

30 


HBI 




30 






















































































Table 3.2: Technology options (Hydro) selected in TRP base case 


Plant selected 

No. of units 
selected 

Size of each unit 
(MW) 

Year in which 
the plant is 
selected 

Dhauliganga 11 

3 

70 


Kishanganga 

3 

110 


Kotlibhel 

4 


2013 

Uri II 

9 

70 

2013 

Bajoli Holi 

2 

100 

2013 

Jhangi Thopan 

1 

410 

2013 

Bhawani Kattalai 

1 

90 

2013 

Pandiar Punnapuzha 

1 

100 

2013 

Teesta St-II 

8 

100 

2013 

Barak 

1 

90 

2013 

Kirthai I 

2 


2013 

Khab-II 

4 


2013 

Nukcharoong 

1 

60 

2013 

Uttaranchal Combined 

12 

40 

2013 

Sisiri 

2 

110 

2014 

Mananthwadi 

2 

120 


Upper Siang I 

10 

250 


Upper Siang 2 

2 

250 

2015 

Upper Siang 3 

10 

250 


Upper Siang 5 

4 


wmmmm 

Binoda 

6 

100 

2016 

Lohit 

6 

500 

2016 

Kirthai II 

3 


2016 

Kerala Bhawani 

1 


2016 

Upper Siang 2 

8 


2016 

Upper Siang 4 

10 

250 

2016 

Lower Siang St 1 

4 


2018 

Lower Siang St 2 

■ ■■ -■■■ - ' ‘ - ' 

4 

100 

2018 

Lower Siang St 3 

4 

100 


Lower Siang St 4 

4 

100 


Dummugudam 

4 



Gundia High Head 

2 


2019 

Luhri 

1 

425 

2022 

Bedthi 

4 

105 

2022 

Dibang St 1 

6 


2022 

Dibang St 2 

6 

250 

2022 

Dibang St 3 

6 

250 


Dibang St 4 

6 

250 


Maharashtra Combined 

1 

65 


Maslej Ghat 

6 
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Varandh Ghat 

10 

100 

2023 

Humbarli 

4 

100 

2023 

Middle Siang 

4 

250 

2023 

Sone 

1 

100 

2023 

Lower Jurala 

1 

160 

2023 

Maharashtra Combined 

3 

65 


Mangot Combined St 1 

1 

150 


Kadwan 

5 

90 

2025 

Kanhar 

3 

100 

2025 

Hirakud-B 

4 

102 

2025 

Singareddy 

2 


2025 

Sankhll 

1 

186 

2025 


Table 3.3: Technology options (Thermal & Renewables) selected in IRP base case 


Year 

Coal-5 

(500) 

Coal-7 

(500) 

CCGT 

(250) 

PFBC 

(500) 


Lignite 

(250) 

Solar 

(2) 

Wind 

(10) 

BIGCC 

(132) 

2006 

0 



0 


4 

0 

500 

0 






0 

4 


500 

0 

2008 

0 

0 

20 

0 


4 

0 

500 

0 

2009 

0 

0 

25 

0 


4 

HI 


0 

2010 

0 

0 

30 

0 

0 

4 

■■ 

500 

0 

2011 

0 

0 

35 

0 

0 

4 

HI 

500 

0 

KilKl 

0 

0 


0 


4 

IH 

500 

0 

2013 

0 


45 


0 

4 

HI 


0 

2014 

0 





4 

ini 

Hill 

0 


0 

0 

55 

0 

0 

4 

l^H 

Mf»T 

0 

2016 

0 



0 


4 

IHI 

1000 

0 

2017 

0 


65 

0 


4 


1000 

0 

2018 

0 



~ 0 ~^ 

0 

4 

IHI 

1000 

0 

2019 

0 

0 

75 

0 

0 

29 

■■ 

1000 

0 

2020 

■■[nil 

0 

80 

1 

0 


0 

1000 


2021 

0 

0 

85 

24 

0 

64 

0 





0 

90 

27 

23 

68 


1000 

0 

2023 

25 

0 

95 

28 

28 

72 


1000 


2024 

54 

0 

105 

29 

29 

76 

0 

1000 

0 

2025 

89 

0 

115 

30 

30 

80 

0 

1000 

0 
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Table 3.4: Technology options (Hydro) selected in IRP base case 


Plant selected 

No. of units 
selected 

Size of each unit 
(MW) 

Year in which 
the plant is 
selected 

Kotlibhel 

4 

250 

2015 


12 

40 

2015 

Dhauliganga II 

3 


HHESSHH 

Kishanganga 

3 

110 

HHEEESHH 

Uri II 

9 

70 



2 

100 


Jhangi Thopan 

1 



Bhawani Kattalai 

1 



Pandiar Punnapuzha 

1 

100 

2016 

Teesta St- II 

8 

100 

2016 

Barak 

1 

90 

2016 

Kirthai I 

2 



Mananthwadi 

2 

120 

2017 

Sisiri 

2 

110 

2017 

Khab-II 

4 

105 

2017 

Nukucharoong 

1 

60 

2017 

Upper Siang I 

2 

250 

2017 

Upper Siang 2 


250 

2017 

Upper Siang 3 

10 

250 

2017 

Upper Siang 4 

10 

250 


Upper Siang 5 

4 

HHBSSHHI 


Binoda 

6 

HHE&lHii 


Dummugudum 

4 



Gundia High Head 

2 

120 


Lohit 

6 



Kirthai-II 

2 

120 

2018 

Kerala Bhawani 

1 

150 

2018 

Lower Siang St 1 

4 

100 

2018 

Lower Siang St 2 

4 


2018 

Lower Siang St 3 

4 

100 

2018 

Lower Siang St 4 

4 


2018 

Dibang St 2 

6 

250 

2018 

Upper Siang I 

8 

250 

2018 

Luhri 

1 

425 

2019 

Bedthi 

4 

105 

2019 

Sone 

1 

100 

2019 

Dibang St 1 

6 

250 


Dibang St 3 

6 

250 

2019 

Dibang St 4 

6 

250 


Maharashtra Combined 

4 

65 

mmsmm 
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Maslej Ghat 

6 


2020 

Varand Ghat 

10 



Humbarli 

4 



Kadwan 

5 

90 

2020 

Kanhar 

3 

100 

2020 

Middle Siang 

4 

250 

2020 

Mangot Combined St 1 

1 

150 

2020 

Singareddy 

2 

100 


Lower Jurala 

1 

160 


Sankh- II 

1 

186 


Hirakud-B 

4 

102 



Tables 3.2 and 3.4 indicate that all the candidate hydro plants got selected in both 
the TRP and IRP base cases. The plants, which are not at all selected in the base case 
during the planning horizon for the TRP as well as the IRP base case, are Solar and BIGCC 
technologies. These plants which are not selected in the base case during the planning 
horizon are considered as plausible CDM options for further analysis. Thus, plausible CDM 
options identified at IRP and TRP baseline are: 

TRP baseline: 

1) Solar (500 units of 2 MW each and earliest available year is 2006) 

2) BIGCG (50 units of 132 MW each and earliest available year is 2006). 

IRP baseline: 

1 ) Solar (500 units of 2 MW each and earliest available year is 2006) 

2) BIGCC (50 units of 132 MW each and earliest available year is 2006). 

These identified plausible CDM options were forced to be selected in the generation 
expansion planning studies by considering these plants as committed plants in the year of 
their earliest availability. 

3.3 Implications of CDM on Generation mix and Capacity mix: 

The implications of different types of CDM options on the generation and capacity 
mix were studied by committing the respective plants in their earliest available year. The 
following four cases were considered to study the impact of the CDM options: 
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Case-1 : TRP with Solar as CDM option 
Case-2: TRP with BIGCC as CDM option 
Case-3: IRP with Solar as CDM option 
Case-4: IRP with BIGCC as CDM option. 


Table 3.5 Generation mix by plant types for TRP baseline (%) 


Generation 

Planning 

Case 

Generation mix (%) 

Total 

(GWh) 

o 

U 

® 

H 

O 

U 

U 

U 

Cl 

13 

a 

s 

.SP 

O 

U 

n 

p-i 

U 

d 

pS 

"o 

u 

u 

o 

HH 

n 

Base 

Case 

2006 

16.2 

60.9 

12.9 

2.2 

3.4 

0.9 

0.4 


ED 


0 

790532.0 

2010 

17.4 

62.7 

7.8 

2.8 

5.9 



BH 

Rl 

0 

0 

1009243.3 

2014 

17.6 

51.8 

11.7 

2.4 

6.6 

liia 


ED 

BKl 


0 

1287412.9 

2018 

17.1 

51.8 

10.6 

1.8 

6.6 

■aa 

m 

EB 

2.6 

0 





59.9 

7.2 

1.5 

6.2 

0.4 

4.3 

4.3 

2.0 




2025 

12.2 

65.1 

5.6 



BKl 




0 

0 

2507031.7 

Solar 

as 

CDM 



I’M! 


2.2 

m 

laEM 

HQ 



0 



2010 

17.4 




ES 

0.7 

iS 

0.3 


0.1 

0 

1009212.9 

2014 

17.6 



m 







0 

1287365.4 

2018 





6.6 

0.5 

4.5 

4.5 

2.6 

0.1 

0 

1640453.1 

2022 





6.2 

0.4 

4.3 

4.3 

2.0 

0.1 

0 

2090330.1 

2025 

12.2 




5.9 








BIGCC 

as 

CDM 

2006 

16.2 

60.1 



EEl 








2010 

17.4 

62.0 




0.7 

0.3 

0.3 

2.1 

0 

0.6 

1009243.3 

KilEI 

17.6 

51.3 

11.3 

2.4 

6.6 


3.9 

2.1 

3.3 



1287412.9 

KtlRI 

17.1 

49.8 

10.6 

1.9 

6.6 


ES 

lEBI 



2.0 

1640517.9 

2022 

13.5 

60.0 

6.8 

1.5 

6.2 

0.4 

4.3 

4.3 

2.0 

0 

0.9 

2090416.7 

2025 

12.1 

64.4 

5.6 

1.2 

5.9 

0.3 

4.0 

4.0 

1.7 

0 

0.8 

2507031.7 


The results in Table 3.5, which shows the generation mix of plants under the TRP baseline, 
indicate the following: 

Case-1: Solar as CDM option (TRP) 

1) The generations from CCGT and Lignite plants have decreased slightly, when 
compared to their generation in the TRP base case. 

2) The generations from Coal, Nuclear, PFBC, IGCC, Wind, Hydro and Oil plants are 
not affected. 

3) The generation from Solar plants has increased. 
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Case-2: BIGCC as CDM option (IRP) 

1) The generation from Coal plants has decreased considerably while the generations 
from Hydro, Lignite and CCGT plants have decreased slightly, when compared to 
their respective generations in the TRP base case. 

2) The generations from Nuclear, PFBC, IGCC, Solar, Wind and Oil plants are not 
affected. 

3) The generation from BIGCC plants has increased. 


Table 3.6: Generation mix by plant types for IRP baseline (%) 


Generation 
Planning Case 

Generation mix (%) 

Total 

(GWh) 

Hydro 

Coal 

CCGT 

Nuclear 

Lignite 

0 

PFBC 

IGCC 

Wind 

Solar 

BIGCC 

Base 

Case 

2006 

17.9 



m 

3.8 




Q| 


0 

715198.1 

2010 

23.7 

55.4 

10.2 

3.8 

5.5 

1.0 

0 


warn 



738971.6 

2014 

24.4 

55.0 

10.8 

3.7 








831556.4 

2018 

28.6 

52.5 

10.6 

3.1 

4.1 

0.8 

0 

0 

0.3 

o 

0 

994186.7 

2022 








6.4 

0.3 

o 

0 

1202127.0 

2025 

21.7 

41.3 

9.6 

2.2 

10.4 

0.5 

7.0 

7.1 

0.2 

0 

0 

1411654.0 

Solar 

as 

CDM 








0 

0 




715198.0 





3.8 

5.5 


0 

0 




738951.9 

2014 

24.4 

54.9 

10.8 

3.7 

4.8 

0.9 

0 

0 

0.4 

0.1 

0 

831519.3 








El 

0 

liO 


0 

994132.4 









6.1 

0.3 

EBI 


1201673.0 



41.2 

9.6 

2.2 

10.4 

0.5 

6.9 

7.1 


m 


1411058.2 

BIGCC 

as 

CDM 

2006 

17.9 

57.7 

15.7 

2.4 

3.0 

2.1 

0 

0 

0.2 

0 

1.0 

715257.4 

2010 

23.7 

55.6 

10.2 

3.8 

4.7 

1.0 

0 

0 

0.2 

0 

0.9 

740071.1 

2014 

24.3 

54.7 

10.8 

3.7 

4.2 

0.9 

0 

0 

0.2 

0 

1.3 

833883.4 

2018 

27.5 

52.7 

10.9 

3.1 

3.5 

0.8 

0 

0 

0.2 

0 

1.4 

997523.1 

2022 

25.4 

38.3 

10.4 

2.5 

10.8 

0.6 

7.5 

2.8 

0.1 

0 

1.4 

1202487.7 

2025 

21.7 

39.9 

9.7 

2.2 

10.4 

0.5 

7.1 

7.1 

0.1 

0 

1.3 

1410962.1 
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The results in Table 3.6, which shows the generation mix of plants under the IRP baseline, 
indicate the following: 

Case-3: Solar as CDM option (IRP) 

1) The generation from CCGT plants has increased slightly, when compared to their 
generation in the IRP base case. 

2) The generations from Coal, PFBC and IGCC plants have Increased slightly, when 
compared to their generation in the IRP base case. The generations from Hydro, 
Nuclear, Oil, Lignite, BIGCC and Wind plants are not affected. 

3) The generation from Solar plants has increased. 

Case-4: BIGCC as CDM option (IRP) 

1) The generations from Lignite, IGCC and Wind plants have decreased considerably. 
The generations from Hydro and Coal plants have decreased slightly, when 
compared to their respective generations in the IRP base case. 

2) The generations from Nuclear, PFBC, Solar, and Oil plants are not affected. 

3) The generation from BIGCC plants has increased. 

The results in Table 3.7, which shows the capacity mix of plants in the TRP baseline, 
indicate the following: 

Case-I: Solar as CDM option (TRP) 

1) The capacities of Hydro, Coal and IGCC plants have decreased slightly, when 
compared to their respective capacities in the TRP base case. 

2) The capacities of CCGT, Nuclear, Lignite, Oil, PFBC, Wind and BIGCC plants are 
not affected. 

3) The capacity of Solar plants has increased. 

Case-2: BIGCC as CDM option (TRP) 

1) The capacities of Coal and CCGT plants have decreased slightly and the capacities 
of Hydro and Lignite plants have changed slightly, when compared to their 
respective capacities in the TRP base case. 

2) The capacities of Nuclear, Oil, PFBC, IGCC, Wind, and Solar plants are not 
affected. 

3) The capacity of BIGCC plants has increased. 
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Table 3.7: Capacity mix by plant types for TRP baseline (%) 


Generation 

Planning 

Case 

Ca 

pacity mix (Vo) 

Total 

(MW) 

Hydro 

"3 

O 

U 

CCGT 

Nuclear 

Lignite 

5 

PFBC 

IGCC 

Wind 


BIGCC 

Base 

Case 



53.0 

12.8 

2.3 

2.9 

1.6 

0.3 

0.3 

3.0 

0 

0 

164667.5 



51.8 

12.9 

2.8 

4.8 

1.3 

0.2 




0 

222594.5 

2014 

24.8 

45.2 

12.8 

2.5 

5.7 

m 

2.8 



0 

0 

267118.5 







■aa 



B9I 

0 

0 

335068.5 

2022 

21.2 

52.1 







BH 

0 

0 

426578.5 


18.7 

56.8 






iO 



0 

512977.5 

Solar 

as 

CDM 

2006 

23.6 

53.0 

12.8 

2.3 



0.3 

ES 

nil 

0.1 

0 

164767.5 

2010 

23.7 

51.8 

12.9 


m 



0.2 

BBl 


o 

222624.5 

2014 

24.7 

45.1 

12.8 


EQ 




KM 

0.2 

O 

267558.5 

2018 

24.8 

45.3 

11.7 

2.0 

m 




3.0 

0.2 

0 

335668.5 






m 






0 

427878.5 

2025 

18.6 




5.1 








BIGCC 

as 

CDM 


23.6 

52.4 

12.8 

2.3 

2.9 

1.6 

0.3 

iili 



0.6 

164723.5 


23.6 


12.8 

2.8 

4.9 

1.3 



2.2 





24.5 

44.3 

12.6 

2.5 

5.6 


2.8 

1.5 

3.7 

0 

1.5 

270078.5 






sa 


iKil 



lO 

iKia 


2020 



ilBBI 


im 

0.7 

\m 



lO 











EEI 

2.0 

0 

1.3 

512533.5 


The results in Table 3.8, which shows the capacity mix of plants under the IRP baseline, 
indicate the following: 

Case-3: Solar as CDM option (IRP) 

1) The capacity of Coal plants has decreased slightly, when compared to their 
capacity in the IRP base case, whereas the capacities of Hydro, IGCC and Wind 
plants have changed slightly, when compared to their capacities in the IRP base 
case. 

2) The capacities of Nuclear, CCGT, Oil, PFBC and BIGCC plants are not affected. 

3) The capacity of Solar plants has increased. 
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Table 3.8: Capacity mix by plant types for IRP baseline (%) 


Generation 

Planning 

Case 

Ca 

pacity mix (%) 

Total 

(MW) 

2 

73 

13 

o 

U 

4 

0 

U 

u 

Nuclear 

Lignite 

o 

U 

fLt 

y 

u 

0 

pQ 

fiS 

• IM4 

u 

"o 

cn 

BIGCC 

Base 

Case 

2006 

26.6 

50.6 

14.5 

2.6 

3.3 



0 

0.5 

0 



2010 

26.4 

50.9 

14.3 

3.1 

3.6 

1.4 

0 


gg 

D 

0 

200334.5 










wm 

D 

m 

219578.5 

2018 

34.2 

43.0 

15.7 







O 

o 

248908.5 





2.2 

7.6 

0.9 

4.4 

3.8 

0.2 

0 

0 

305467.5 

2025 

26.3 

41.6 

13.8 

1.8 

7.2 

0.8 

4.1 

4.1 

0.2 

0 

0 

364217.5 

Solar 

as 

CDM 

2006 

26.6 

50.6 

14.5 

2.6 

3.3 

1.8 

0 

0 

0.5 

0.1 


145947.5 

2010 

26.4 

50.8 

14.3 

3.1 

3.8 

1.4 

0 

0 

0.3 

0.1 

0 

200554.5 



48.7 

15.5 

3.1 

3.3 

1.3 

0 

0 

0.3 

0.2 

0 

219959.0 


34.1 

43.0 

15.7 

2.7 





0.3 

0.2 

0 

249198.5 

2022 

31.3 

35.0 

14.4 

2.2 

7.6 

0.9 

4.4 

3.6 

0.2 

0.3 

o 


2025 

26.3 

41.4 

13.8 

1.8 

7.2 

0.8 

4.1 

4.1 

0.2 

0.3 

0 

364657.5 

BIGCC 

as 

CDM 

2006 

26.7 

50.7 

14.5 

2.6 

2.6 

1.8 

0 

0 

0.3 

0 

0.7 

145633.5 

2010 

26.3 


Ug 








IB 


2014 

27.4 

48.2 




1 -I 

0 


EB 

H 

■B 

222208.5 

2018 

32.7 

43.0 






H 

ig 



249008.5 

2022 

31.3 


gg 

2.2 



ig 


0.1 

0 

2.1 

305473.5 

2025 

26.4 

39.7 

gg 







11 


362987.5 


Case-4: BIGCC as CDM option (IRP) 

1) The capacities of Lignite, IGCC and Wind plants have decreased, when compared 
to their respective capacities in the IRP base case. The capacities of Hydro, Coal 
and CCGT plants have changed slightly, when compared to their respective 
capacities in the IRP base case. 

2) The capacities of PFBC, Oil and Solar plants are not affected. 

3) The capacity of BIGCC plants has increased. 
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3.4 Environmental Implications of CDM Options 

3.4.1 Total emissions and emissions avoided for TRP baseline 


Table 3.9 presents the values of different types of emissions i.e., CO 2 , SO 2 andNOx 
for each type of CDM options for the TRP baseline. The amount of reduction of different 
types of emissions is given in Table 3.10, while comparing these with the respective base 
case values for the TRP base case. 

Tables 3.9 and 3.10 indicate that both Solar and BIGCC, considered as CDM 
options in the TRP baseline, result in a reduction of total emissions of CO 2 , SO 2 andNOx- 
It is also evident from these tables that the BIGCC plants are more effective in avoiding 
CO 2 , SO 2 and NOx emissions, as compared to the solar plants considered in the study. 

Table 3.9: Total emissions for TRP baseline 


Case 

Total emissions 

C02(Gkg) 

SO 2 (Mkg) 

NOx (Mkg) 

Base case 

23420.6 

112189.9 

56009.8 

Solar as CDM 

23401.1 

112075.8 

55962.8 

BIGCC as CDM 

23120.6 

110539.3 

55425.1 


Table 3.10: Emissions avoided for TRP baseline 


Case 

Emissions Avoided 

COzCGkg) 

S02(Mkg) 

NOx (Mkg) 

Solar as CDM 

19.5 

114.1 

47.0 

BIGCC as CDM 

300.0 

1650.6 

585.7 
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3.4.2 Total emissions and emissions avoided for IRP baseline 


Table 3.11 presents the values of different types of emissions i.e., CO 2 , SO 2 and 
NOx for o^oh type of CDM options for the IRP baseline. The amount of reduction of 
different types of emissions is given in Table 3.12, while comparing these with the 
respective base case values for the TRP base case. 

Tables 3.11 and 3.12 indicate that Solar considered as CDM options result in a 
reduction of total emissions of CO 2 , SO 2 , and NOx- Considering BIGCC as CDM has the 
effect of decreasing total emissions of CO 2 and SO 2 , while the emissions of NOx have 
increased. 

Thus, it evident that BIGCC plants are more effective in avoiding CO 2 and SO 2 
emissions, while Solar plants are more effective in avoiding NOx emissions. 


Table 3.11; Total emissions for IRP baselines 


Case 

Total Emissions 

COiCGkg) 

SOzCMkg) 

NOx(Mkg) 

Base case 

13525.9 

62233.2 

32922.5 

Solar as CDM 

13505.2 

62120.6 

32878.6 

BIGCC as CDM 

13403.1 

60759.2 

32950.4 


Table 3.12: Emissions avoided for IRP baselines 


Case 

Emissions avoided 

C02(Gkg) 

SO 2 (Mkg) 

NOx (Mkg) 

Solar as CDM 

20.7 

112.6 

43.9 

BIGCC as CDM 

122.8 

1474.0 

-27.9 
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3.5 Cost Implications of CDM options 


Table 3.13 and 3.14 show the implication of CDM options on various generation 
expansion costs during the planning horizon for the TRP and IRP baselines, respectively. It 
can be observed that the total cost increases in all the cases, when CDM plants are 
committed. Thus, both Solar and BIGCC qualify as CDM projects as they satisfy the 
additionality cost criterion. Cost figures are also shown in Fig 3.1. 


Table 3.13: Expansion costs during planning horizon for TRP baseline 


Cost in M$ 

Base case 

Solar as CDM 

BIGCC as CDM 

Capital Cost (1) 

40994.9 

42344.2 

41601.7 

Fixed O&M Cost (2) 

30633.8 

30680.2 

31411.9 

Fuel & Variable Cost (3) 

128308.4 

128189.1 

129566.9 

Fuel and O&M Cost (2+3) 

158942.2 

158869.3 

160978.8 

Sub Total (1+2+3) 

199937.1 

201213.5 

202580.5 

DSM Cost (4) 

0 

0 

0 

Total Cost (1 +2+3+4) 

199937.1 

201213.5 

202580.5 

MAC ($/ton of Carbon) 

NA 

194.41 

28.24 


Table 3.14: Expansion costs during planning horizon for IRP baseline 


Cost (M$) 

Base case 

Solar as CDM 

BIGCC as CDM 

Capital Cost (1) 

14139.4 

15452.8 

14598.7 

Fixed O&M Cost (2) 

24932.9 

24975.3 

25687.1 

Fuel & Variable Cost (3) 

91309.6 

91247.8 

93013.1 

Fuel and O&M Cost (2+3) 

116242.5 

116223.1 

118700.2 

Sub Total (1+2+3) 

130381.9 

131675.9 

133298.9 

DSM Cost (4) 

1419.6 

1419.7 

1415.0 

Total Cost (1 +2+3+4) 

131801.5 

133095.6 

134713.9 

MAC ($/ton of Carbon) 

NA 

220.22 

70.26 
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Table 3.15 shows the impact of CDM options on Average Incremental Cost (AIC), 
which is an index of electricity prices. In both the TRP and IRP baselines, AIC is 
maximum, when BIGCC is considered as a CDM option. 


Table 3.15: Electricity prices for expansion planning cases 


Electricity price 
(US cents/kWh) 

Generation expansion planning cases 

TRP 

Base 

case 

TRP 
Solar as 
CDM 

TRP 
BIGCC 
as CDM 

IRP 

Base 

case 

IRP 
Solar as 
CDM 

IRP 
BIGCC 
as CDM 

Without including DSM 
cost 

2.53 

2.57 

2.60 

0.64 

0.78 

0.87 

With DSM cost included 


■ 



0.90 

1.00 
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3.6 Sensitivity Analyses 


Sensitivity analyses were carried out to observe the impact of changing the 
commitment year of CDM options on the emissions of pollutants and also on Total Cost 
and Marginal Abatement Cost. The results of sensitivity analyses are given below. 

3.6.1 Sensitivity of TC and MAC to year of commitment of the CDM 
options 


a)ForTRPcase 



Year of commitment of CDM options 

Fig 3.2: Effect of change in commitment year of CDM options on total cost 

for TRP baseline 

Figures 3.2 and 3.3 show the effect of changing the commitment year of the solar 
and BIGCC as CDM options on the Total Cost (TC) and Marginal Abatement Cost (MAC), 
respectively in the TRP baseline. It is observed from these tables that by increasing the year 
of commitment for Solar and BIGCC power plants, TC increases every year. However, 
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MAC does not show any specific trend and is least in the year 2025 for Solar as CDM 
option and in the year 2018 for BIGCC CDM option. 



Year of commitment of CDM options 


Fig 3.3: Effect of change in commitment year of CDM options on MAC for TRP 

baseline 


b) For IRP case 

Figures 3.4 and 3.5 show the impact of changing the commitment year of the solar 
and BIGCC as CDM options on Total Cost (TC) and Marginal Abatement Cost (MAC), 
respectively in the IRP baseline. It is observed from these tables that by increasing the year 
of commitment for Solar and BIGCC power plants, TC increases every year. However, 
MAC does not show any specific trend and is least in the year 2025 for Solar as CDM 
option and in the year 2018 for BIGCC as CDM option. 
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MAC ($ / ton of Carbon) 
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134000 
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ig 3.4; Effect of change in commitment year of CDM options on total cost for 

IRP baseline 
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Fig 3.5: Effect of change in commitment year of CDM options on MAC for 

IRP baseline 
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3.6.2 Sensitivity of CO 2 emissions to changing year of commitment of the 
CDM options 
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Fig 3.6: Effect of change in commitment year of CDM options on total CO 2 

emissions for TRP baseline 
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Fig 3,7: Effect of change in commitment year of CDM options on total CO 2 

emissions for IRP baseline 
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Figures 3.6 and 3.7 show the effect of changing the commitment year of the Solar 
and BIGCC as CDM options on the total C02 emissions in the TRP and IRP baseline, 
respectively. It is observed from these tables that by increasing the year of commitment for 
Solar and BIGCC power plants, C02 emissions increase slightly in case of Solar and 
continuously in case of BIGCC as CDM options. 

3.6.3 Sensitivity of SO 2 emissions to changing year of commitment of the 
CDM options 

Figures 3.8 and 3.9 show the effect of changing the commitment year of the Solar 
and BIGCC as CDM options on the total SO 2 emissions in the TRP and IRP baseline, 
respectively. It is observed from these tables that by increasing the year of commitment for 
Solar, the SO 2 emissions increase marginally, whereas by changing the commitment year of 
BIGCC, SO 2 emissions increase sharply after the year 2015. 


Solar as CDM BIGCC as CDM 



Year of commitment of CDM options 

Fig 3.8: Effect of change in commitment year of CDM options on total SO 2 

emissions for TRP baseline 
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Total NOx Emissions (Mkg) Total SO2 Emissions (Mkg) 
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Fig 3.9: Effect of change in commitment year of CDM options on total SO 2 

emissions for IRP baseline 
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Fig 3.10: Effect of change in commitment year of CDM options on total NOx 

emissions for TRP baseline 
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Y ear of commitment of CDM options 

Fig 3. 1 1 ; Effect of change in commitment year of CDM options on total 
NOx emissions for IRP baseline 

Figures 3.10 and 3.11 show the effect of changing the commitment year of the Solar 
and BIGCC as CDM options on the total NOx emissions, in the TRP and IRP baseline 
respectively. It is observed from these tables that by increasing the year of commitment for 
Solar and BIGCC as CDM options, the NOx emissions increase marginally up to the year 
2018 and increase sharply thereafter. 

3.7 Economics of CDM Projects at Different Baselines 

3.7.1 Market prices and MAC’S under different trading scenarios 

To meet the specified curtailment of CO 2 emissions, Annex-B countries may 
purchase CER’s (Certified Emission Reductions) from a Non Annex-B country. The 
Annex-B countries will choose to achieve their Kyoto Protocol targets by investing in 
Clean Development Mechanisms in one or more of the Non Annex-B countries, based upon 
the Marginal Abatement Cost (MAC) of the CDM projects in a specific Non Annex-B 
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country. MAC of CDM projects in a Non Annex-B country should be below the maximum 
permitted market price for emissions, for the Annex-B countries to invest in that particular 
country. Tables 3.16 and 3.17 exhibit market price of emission permits and MAC for some 
developed (Annex-B) countries under different trading scenarios [5]. 


Table 3.16. Market price of emission permits under different scenarios 


Market price of permits 
($/ton of carbon) 

Scenarios 

24 

Full global trading 

63 

Global trading, Annex-B countries acting as monopoly and 
former Soviet Union (FSU) competing with Annex-B 

108 

Global trading, Annex-B countries and FSU acting as 
monopoly 

114 

Annex trading 

142 

Annex-B trading, FSU monopoly 


Table 3.17; Marginal cost of abatement for some developed countries under different 

scenarios 


Countries 

$/ton of carbon (no OECD 
trading) 

$/ton of carbon (OECD 
trading) 

Japan 

584.0 

240 

European Union 

273.0 

240 

Other OECD countries 

233.0 

240 

USA 

186.0 

240 


By observing tables 3.16 and 3.17 and based on the results presented in section 3.5, 
economics of CDM options can be analyzed under different trading scenarios as given 
below. To be selected as a CDM project, MAC of a CDM option should be less than the 
maximum permeated MAC in at least one of the cases given in Tables 3.16 and 3.17 [27]. 


3.7.2 Full globaltrading (Scenario-1): 

The least amongst MAC’S of all the plausible CDM plants is 28.24 $/ton of Carbon, 
which is more than the market price of permits for the Full global trading scenario (24 $/ton 
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of Carbon). Hence, no project will be selected as COM under the Full Global Trading 
Scenario. 

3.7.3 Global trading, Anncx-B countries ncting ns monopoly nnd Former 
Soviet Union (FSU) competing with Annex-B countries (Scenario-2): 

Since the MAC of Solar projects in both TRP and IRP baselines is more than the 
market price of permits for trading scenario-2 (63$/ton of Carbon) throughout the planning 
horizon, the Solar projects will not qualify as COM projects in this scenario. However, in 
the IRF base line, BIOCC projects qualify as CDM projects throughout the planning 
horizon in trading sccnario-2, as their MAC is less than the market price of permits for 
trading sccnario-2. In the IRP baseline, the BIGCC projects committed after 2006 qualify 
as CDM projects in trading scenario-2. 


3.7.4 Global Trading, Annex-B countries and FSU acting as monopoly 
(Scenario-3): 

Similar to trading scenario-2, Solar projects in TRP and IRP baselines do not 
qualify as CDM projects in trading scenario-3, throughout the planning horizon. In both 
TRP and IRP baselines, the BIGCC projects qualify as CDM projects throughout the 
planning horizon in trading scenario-3, as their MAC is less than the market price of 
permits for trading (103$/ton of Carbon) throughout the planning horizon. 

3.7.5 Annex-B trading (Scenario-4): 

In this trading scenario, Solar projects in TRP and IRP baselines do not qualify as 
CDM projects. BIGCC projects qualify as CDM projects throughout the planning horizon 
in both TOP and IRP baselines, as their MAC is less than the market price of permits for 
this scenario (114 $/ton of Carbon). 
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3.7.6 Annex-B trading, FSU monopoly (Scenario-5); 

In this tmding scenario, Solar projects in TRP baseline do not qualify as CDM 
projects. However, in IRP baseline, Solar projects committed after 2024 qualify as CDM 
projects. BIGCC projects qualify as CDM projects throughout the planning horizon in both 
TRP and IRP baselines in this trading scenario, as their MAC is less than the market price 
of permits (114 $/ton of Carbon). 

3.7.7 Direct trading with OECD countries, no trading between the OECD 
countries (Scenario-A): 


In tlic scenario of OECD trading, Japan and European Union can invest in India in 
Solar and BICK'C CDM options in both TRP and IRP baselines, regardless of the year in 
which these plants are committed. USA can invest in India in BIGCC as CDM projects in 
both TRP and IRP baselines. However, in case of Solar as CDM projects in TRP baseline 
committed after the year 2018, USA can invest in India. USA can invest in India in Solar as 
CDM projects, when they are committed in any year of the planning horizon except 2006 
and 2015 for the IRP baseline. Other OECD countries can invest in India in BIGCC as 
CDM projects in both TRP and IRP baselines and in Solar as CDM projects in IRP 
baseline, throughout the planning horizon. In case of Solar as CDM projects in TRP 
baseline, other OECD countries can invest in India, when they are committed in any year of 
the planning horizon except the years 2015 and 2018. 

3.7.8 Trading with group of OECD countries (Scenario-B): 

In the scenario of OECD trading, Japan, USA, European Union and other OECD 
countries can invest in India in the following cases: 

a) BIGCC as CDM projects in both TRP and IRP baselines throughout the planning 

horizon. 

b) Solar as CDM projects in IRP baseline throughout the planning horizon. 
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c) Solar as CDM projects in TRP baseline, when these are committed in any year of 
the planning horizon except the year 2015 . 

3.8 Conclusions 

This chapter has presented a detailed study of identifying the suitable CDM projects 
for the integrated Indian power system and analyzing their utility, cost and environmental 
implications. I he study includes optimal generation expansion planning studies for six 
cases (throe in TRP baseline and three in IRP baseline). 

Based on these studies. Solar and BIGCC technologies have been identified as 
candidate CDM options. However, an analysis of utility, cost and environmental 
implications of these candidate CDM technologies reveal that BIGCC is a more promising 
technology for Clean Development Mechanism. The BIGCC technology as a CDM project 
is more effective in reducing the generation and capacity mix of coal plants which are the 
major source of Green House Gas emissions (CO2 emissions in this study). 

When the cost implications are analyzed, it is observed that the Marginal Abatement 
Cost (MAC) for BIGCC plants is much less than that for Solar plants, which makes them 
more preferred CDM technology for trading in various scenarios. It has also been observed 
that the BIGCC technology is much more effective in reducing the emissions of 
environmental pollutants like CO2, SO2 and NOx, except in the case of NOx emissions in 
the IRP baseline, where Solar technology is more effective. 

'fhc .study also examines the economics of CDM projects, which clearly indicates 
that the BIGCC as a CDM project will be chosen by most of the investing countries in both 
the 'fRP and IRP baselines as the MAC of BIGCC as CDM projects is much less than the 
market price of permits of emissions in almost all the trading scenarios. 
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Chapter 4 


Conclusions 


Increased emissions of Green House Gases (GHGs) and other pollutants from 
power sector and its detrimental effects on the global and local environment have made this 
aspect to be included in the electric utility planning. In many countries of Asia, including 
India, powet sccUu is at a stage of complete restructuring and reforms. During this time of 
transition, it is critical to determine how best to take advantage of the opportunities it 
presents to protect the environment and avert threats to public health and accordingly plan 
expansion ol'the power sector. 

In this work, cost-effectiveness and environmental emission mitigation potential of 
Clean Development Mechanism (CDM) options has been studied and their impact on 
power system planning has been examined. The study has been carried out to identify 
potential ('I)M projects under the Traditional Resource Planning (TRP) and Integrated 
Resource Planning (IRP) perspectives on the integrated Indian power system network. The 
main findings of the study carried out in this thesis are given below: 

1 ) All the candidate hydro plants got selected in both the TRP and IRP baselines. 

2) Coal, Combined Cycle Gas Turbine (CCGT), Lignite and Wind power plants 
arc aImo.st fully selected in all the cases. 

3) The plants which are not at all selected in the base case during the entire 
planning horizon for both TRP an IRP cases are Solar and BICC plants. Hence, 
these plants arc identified as plausible CDM options. 

4) 'fhe generation and capacity mix of Coal, Hydro, CCGT, Lignite, Oil, Nuclear, 
PPBC, IGCC and Wind plants have changed slightly when either Solar or 
BiCiCC plants, as CDM options, are committed in their year of earliest 
availability. 
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5) Ihe study on environmental implications of CDM options reveal that, the 
BIGCC IS more effective than Solar in reducing the emissions of environmental 
pollutants like CO 2 , SOa and NOx, except in the case of NOx emissions in the 
IRP baseline, where Solar technology is more effective. 

6) Ihe sensitivity analysis of total cost with respect to the change in the 
commitment year of the CDM options indicates that total cost increases as the 
year of commitment of the CDM options is delayed. 

7) 1 he sensitivity analysis of Marginal Abatement Cost (MAC) with respect to 
change in commitment year of the CDM options does not show any specific 
trend. 

8) I he sensitivity of CO 2 , SO 2 , and NOx emissions to change in commitment year 
of the CDM options is very minimal in case of Solar as CDM option and 
significant for change in commitment year of BIGCC as CDM option. 

9) 'I he electricity price in case of Solar as CDM option is less than that in the case 
of BIGCC as CDM in both the TRP and IRP baselines. 

10) The analysis of economics of CDM options indicate that none of the CDM 
options will be selected as a CDM project under the Full Global Trading 
Scenario, as their MACs are more than the market price of permits for emissions 
for this trading scenario. 

1 l)The BIGCC, as CDM option, got selected as a CDM project in most of the 
Annex-B and OECD trading scenarios. BIGCC is found to be a more potential 
CDM project as compared to the solar plants. 

As a consequence of the study carried out in this thesis, the following areas of 
further research work have been identified: 

1) 'I'his study provides specific insight into identification of CDM projects and also 
analyzes the utility, cost and environmental implications of these projects. The 
identification of CDM projects are based on the MAC data given in [27] under 
different trading scenarios. For more realistic selection of CDM projects, it is 
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necessary to critically obtain these data in the present scenario and define 
carefully the baseline for CDM studies. 

2) The Kyoto Protocol has addressed six green house gases. Only CO 2 has been 
considered for the present study. Further work may include some of the 
remaining GHGs in the utility planning. 

3) In this study, the demand side data is obtained from a study for DSM planning 
for Gujarat and Uttar Pradesh by TERJ. An extensive survey of DSM options 
will be required for most part of the country to achieve more practical results. 

4) Indian power sector has also started extensive programmes on renovation and 
modernization (R&M) of power plants and reduction of transmission and 
distribution (T&D) losses. These require huge investment and may also be 
considered as CDM options. 
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Appendix-A 

Existing Thermal Plants Data 


Name 

Fuel 

type 

Fuel 

con. 
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(Kg/ 

MWh) 

— 
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(Kg/ 

MWh) 

Cap. 

MW 

Heat 
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(KCal 

/KWh 

) 

Op. 

cost 

(*000 

$/KWh 

) 

Annual 
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Fixed 

O&M 
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(*000 

$/MW 

month) 
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2 
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2 
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2 
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0.85 

14 

1246.67 

6.8 

3 

32 

2999 

0.0012 

864 

2 

PANKI-3 

COAL 

0.85 

14 

1246.67 

6.8 

3 

210 

2999 

0.0012 

864 

2 

H'GANJ B-1 

COAL 

1.3 

17.5 

2192.67 

15.6 

5.8 

80 


0.0012 

864 

2 

H'GANJ B-3 

COAL 

1.1 

17.5 

1855.33 

11 

4.9 

240 


0.0012 

864 

2 

H'GANJ B-7 

COAL 

0.9 

17.5 

1518 

7.2 

4 

105 

3969 

0.0012 

864 

2 

PARICHA-1 

COAL 

0.89 

13.5 

1272.7 

BDI 

3 

220 

3028 

0.0012 

864 

2 

ANPARA-1 

COAL 

1 

15 

1540 

8 

3.8 




864 

2 

ANPARA-4 

COAL 

0.5 

15 

770 

2 

■■■1 



0.0012 

864 

2 

SINGRAUa STPS-1 

COAL 

0,7 

15 

1078 

4.2 

2.8 

1000 

2646 

0.0012 

864 

2 

SINGRAULI STPS-6 

COAL 

0.55 

15 

847 

2.2 

2.2 

1000 

2079 

0.0012 

864 

2 

RIHAND-1 

COAL 

0,6 

15 

924 

3.6 

2.4 


2268 



2 

UNCHAHAR-1 

COAL 

0.7 

13.5 

1001 

4.2 

2.4 

840 

2381 

0.0012 

864 

2 

DADRI fNCTPPVl 

COAL 

0.64 

13.5 

915.2 

3.8 

2.2 

EE&I 

2177 


864 

2 

TANDA-1 

COAL 

1.04 

13.5 

1487.2 

10.4 

13B 

440 

mfsm 

0.0012 

864 

2 

Hi!!ld!iS[4yAlelidBH 

GAS 

0.221 

34.52 

504.5 

0.4 

1.5 


1922 

0.0008 


1.67 


GAS 



504.5 

0.4 

1.5 


■EESI 

0.0008 

1296 

1.67 


NUCLEAR 

0.027 

406.35 

0 

0 

0 


2765 

0.0015 

864 

2 


OIL 

0.3 




■Em 

256 

3000 



2 

1 DHUVARAN-5 

OIL 

0.3 

39.68 



WEBM 


3000 



2 


COAL 

1 

15 

1540 

8 

3.7 

mm 

3780 

0.0012 

864 

2 


COAL 

0.8 

15 

1232 

2 

1.9 

■aia 

3024 

0.0012 

864 

2 


COAL 

0,9 

15 

1386 



mnm 

3402 

0.0012 

864 

2 


COAL 

0.69 

15 

693 

1.8 

1.8 

KHil 

2434 

0.0012 

864 

2 


GAS 

0.221 

34.52 


0.4 

1.5 

144 

1922 

0.0008 

1296 

1.67 
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|!WW 


Mill I HI B Ml 






BS^Bi 


IWdtMM 

mmsimsam 

MABa raS 


KORBA STPS-1 


KORBA STPS-4 


KORBA STPS-5 


KORBA STPS-6 


VINDH'CHAL STPS-1 


VINDH'CHAL STPS-7 


VINDH'CHAL STPS-8 


NASIK-1 


NASIK-3 


KORADM 


KORADI-5 


K'KHEDA II-l 


PARAS-2 


BHUSAWAL-1 


BHUSAWAL-2 


PARLM 


PARLI-3 


CHANDRAPUR-1 


CHANDRAPUR-5 


CHANDRAPUR-6 


CHANDRAPUR-7 


URAN GT-1 


TROMBAY-4 


TROMBAY-5 


TROMBAY-6 


TROMBAY GT-1 


DHANU-1 


uiirjiwciai 


smaag 

■■SSOBEaBi 

- vxihmhumi 


m\^vhmiwsmm\ 


GAS 


COAL 


COAL 


COAL 


LIGNITE 


GAS 


COAL 


GAS 


GAS 


COAL 


GAS 


LIGNITE 


GAS 


GAS 


GAS 


NUCLEAR 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


GAS 


OIL 


OIL 


GAS 


COAL 


GAS 


NUCLEAR 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


GAS 



17 

1387.47 

13.5 

1716 

13.5 

1209 

15 

1386 


13.5 

1716 

12 

13,5 

572 

1.6 

13.5 

682 

1.6 

13.5 

682 

1.6 

HQ^ii 

504.5 

0.4 

BEm 

935 


39.68 

935 

0.6 

39.68 

935 

0.6 

jEsm 

504.5 

0.4 

17 

867.97 

2,2 

34.52 

504.5 

0.4 


0 

0 

BHUBtiHclCT 

15.6 

12.5 


7.5 

12.5 

704 

2 

13.5 

996.71 

4.2 

15 

1262.8 

6.6 

15 

1632.4 

10.6 

13.5 

1186.9 

msm 

34.52 


0.4 1 



1922 

0.0008 

2434 

0.0012 

2485 

0.0012 

2520 

0.0012 

3388 

0.0012 

1922 

0.0008 

2972 

0.0012 

1922 

0.0008 


0.0008 

2683 

0.0012 

1922 

0.0008 

3220 

HtliUUll 

1922 

0.0008 

1922 

0.0008 

1922 

0.0008 


0.0015 


2779 

0.0012 

3303 

0.0012 

3069 

0.0012 

2790 

0.0012 

3969 

0.0012 

3087 

0.0012 

3024 

0.0012 

2835 

0.0012 

2268 

0.0012 

2268 

0.0012 

2268 

0.0012 

2381 


2268 

0.0012 

2268 

0.0012 

3780 

0.0012 

IK!iE!gBBWiT3^H 

3780 

0.0012 

3024 

0.0012 

lllklrfzfeMI 

0.0012 

1 3684 

0.0012 

IBfiHBliHiiiiirfUll 


0.0012 



0.0012 


0.0012 

4082 

0.0012 

2040 

0.0012 

2040 

0.0012 

2040 

0.0012 


0.0012 


0.0012 


0.0012 


0.0008 


0.0012 


0.0008 


0.0015 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0008 


864 


864 


6 


1296 

1.67 

1296 

2 

1296 

2 
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LAKWA GT-1 


D.L.F. PVT-1 


MOBILE GAS T-G-1 


LEIMAKHONG DG-1 


KATHALGURI GT-1 


AGARTALA GT-1 


BARAMURA GT-1 


ROKHIA GT-1 


inoasBwi 

t A\w\Am m im m\ 


GURU HGTPP-IIl 


GURU HGTPP-n2 





MATAHANIA CCPPIC 


RAPP-5 


RAPP-6 (NEW' 


DADRI IKNEW 


PARICHHAEXTKNEW 


UNCHAHAR IIKNEW 


ANPARA 'C-1(C 


ANPARA ‘ C - 2(C 


RIHAND-IM 


RIHAND-n-2 


BHIUI TPS1-2C 


_ BINA TPS1-2C 


imsssssEai 

. gTMrfVlilfVMI 

Imessssi 

I tiiajciS L 

919^191 


GAS 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


LIGNITE 


COAL 


LIGNITE 


GAS 


GAS 


■gmagni 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


COAL 


QGNITE 


LIGNITE 


LIGNITE 


COAL 


COAL 


COAL 


COAL 


GAS 


504.5 

0.4 

504.5 

0.4 

504.5 

0.4 

504.5 

0.4 




0.0012 


0.0008 


0.0008 


0.0008 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


1296 

1.67 

1296 

1.67 

1296 

1.67 

1296 

2 

1296 

1.67 


34.52 


34.52 


406.35 


406.35 




0.0015 


0.0015 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0 12 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0008 
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COAL 


GAS 


NUCLEAR 


COAL 


COAL 


GAS 


GAS 


GAS 


GAS 


NUCLEAR 


NUCLEAR 


GAS 


COAL 


KORBA EAST-PVT2C I COAL 


VINDHYACHAL 111- I COAL 


COAL 


■ iWiiiW gasiiMWI 






SIMHADRI TPS-1 


VIZAG TPS-1 


VIZAGTPS-2 


PEDDAPURAM2 


VEMAGIRI CCGT (C 


GAUTAMI CCGT(NEW 




MANGL0RE-TPS-4(C 


MANGL0RE-TPS-5(C 


K'PATNAM B-C 


CUDDALORE-Ll C 


CUDDALORE-L2 C 


TUTICORIN-IV C 


RAICHUR-7 


KANINMINK (C 




BHARAT FORGE 


KAIGA XT.U-3 


KAIGA XT.U-4 


KAIGA XT-5 


KAIGA XT-6 


VYPEEN LNGlfC 


IWt'dq5ii?iikncMt4 i 


KANNUR CCGT2 (C 


KANNUR CCGTl (C 


COCHIN REF 


KARAIKAL fNEW 


I lMiteaaabwiiJiavM 

MBnacusHii 


RAYL.SEMA-n-2 


RAYLSEMA-II-l 


■Qssaiaisa 
. mssmmm 
imBmssm — 




0.0012 


0.0008 


0.0015 


0.0012 


0.0012 


0.0008 


0.0008 


0.0008 


0.0008 


0.0015 


0.0015 


0.0008 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


3.0076 


0.0012 


0.0012 


0.0008 


0.0008 


0.0008 


0.0008 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0008 


0.0015 


0.0015 


0.0015 


0.0008 


0.0008 


0.0008 


0.0008 


0.0008 


0.0008 


0.0012 


0.0012 


0.0012 


0.0015 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


65 








































































































































































































































































































































































































































































































































ISSidilS 

iKrSiiiMfiSwSL^ 

l■■ aB■iVA1■iJllS^ 


DUBRI TPS-C 


IB-VALLEY-3-C 


IB-VALLEY-4-C 


MEZIA 5 


MEZIA 6 


IB-VALLEY5 


IB-VALLEY6 


BAKRESHWAR4-5(N 


BALAGARH TPS-IC 


BALAGARH TPS-2C 


SAGARDIGHI - I 


SAGARDIGHI - 11 


TENUGHAT EX 5 


TENUGHAT EX 6 


TENUGHAT EX 7 


LAKWA WH (SC 


TRIPURA GAS (C 


MANIPUR DG 


MENDIPATH.HFO(SC 


BYRNIHAT HFO(N 




RAPP 7 (NEW 


RAPP-8 (NEW 


PARLI TPP EX-II 


PANKI EXT 


PARICHA EXT2 


GIRAL 


PANIPAT REF. 


ROSA 


CHAMBAL CCGT 


UTRANG CCGT 




BHUSAVAL EXT 2 


PARAS EXT . 


NASIK EXT 


KORBA-W EXT 


MALWA 


AMAR KANTAK EXT 


GHOGHA 1 


GHOGHA 2 


PIPAVAV 


SAVALI REF. 


MANGROL EXT 


AMRAVATI 


■LwatMgjeii 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 


0.0012 



ElKWJiiaijWSM 

mmisMsm 

WAVjijiMiijisasi 
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COAL 

0.5 

19.5 

916.67 

2 

2.5 

1440 

2457 

0.0012 

864 

2 

(■SOiSESuBSHi 

COAL 

0.5 

19.5 

916.67 

2 

2.5 

1440 

2457 

0.0012 

864 

2 


COAL 

0.5 

19.5 

916.67 

2 

2.5 

BESI 


0.0012 

864 

2 

M-Uldli-JUileiMi 

GAS 

0.221 

34.52 

504.5 

0.4 

1.5 

90 

1922 

0.0008 

1296 

1.67 

muximsO^aiM 

COAL 

Bssa 

14 

1029.6 

4.2 

2.5 

i^i 

KEUd 

0.0012 

864 

2 


GAS 

0.221 

34.52 

504.5 

0.4 

1.5 

330 

1922 

0.0008 

1296 

1.67 

rn^^s^sam 

COAL 

0.5 

22 

953.33 

2 1 

2.8 

660 

2772 

0.0012 

864 

2 


COAL 

0.718 



4.3 

2.4 

EHil 


0.0012 

864 

2 

■lUdikliditilileklH 

GAS 

0.221 



0.4 1 

1.5 

1873 

1922 

0.0008 

1296 

1.67 
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Appendix-B 

Existing Hydro Plants Data 


NAME 

Capacity 

(Mw) 

Operating 

cost 

(K$/Mwhr 
) 

Fixed O&M 
cost 

(K$/Mwhr) 

Available 
energy in 
season 1 
fMwhr) 

Available 
energy in 
season 2 
fMwhrl 

Availability 

fraction 

W.Y.CANAL-6 

48.0 

0.0000 

1.390 

75000 

169000 

0.87 

ANDHRA U-1-3 

HKBEIHI 


1.390 



0.87 

HP SMALL 

27.0 


1.390 

43000 


0.87 

BAIRA SIUL-3 

180 0 

■QHEH 

1.390 

233000 


0.87 

BANER+THIR+GAJ 

27.0 


1.390 



0.87 

BASPA n-3 

300.0 


1.390 

482000 

724000 

0.87 

BASS~I-4 

60.0 


1.390 



0.87 

BINWA 

6.0 


1.390 



0.87 

CHAME^-I-3 

540.0 

0.0000 

1.390 

908000 

1204000 

0.87 

CHAMERA“ill 

100.0 


1.390 

140000 

210000 

0.87 

CHAMERA-i'n-i 

300.0 


1.390 


420000 

0.87 

GIRI BATA-2 

60,0 

0.0000 

1.390 

107000 

98000 

0.87 

UR3I 1-3 

126.0 

0.0000 

1.390 

131000 

196000 

0.87 

KASHANG 1 (SCj 

66.0 

0.0000 

1.390 

79000 

119000 

0.87 

GHANVI 

23.0 

0.0000 

1.390 

28000 

41000 

0.87 

DHAMVARI SUNDA(C 

70.0 

0.0000 

1.390 

121000 

181000 

0.87 

NATHPAlHAKRIX-a 

1500.0 

0.0000 

1.390 

1990000 

2986000 

0.87 

SANJAY BHABA-3 

120.0 

0.0000 

1.390 

168000 

334000 

0.87 

MAUNA 

86.0 

0.0000 

1.390 

■ 148000 


0.87 

MALANA-n (C) 

100.0 

0.0000 

1.390 

166000 

249000 

0.87 

BAGLIHAR-l-C 

150.0 

0.0000 

1.390 

353000 


0.87 

BAGLIHAR-2-C 

150.0 


1.390 



0.87 

BAGLIHAR-3-C 

150.0 

0.0000 

1.390 

353000 

530000 

0.87 

CHENANI 

23.0 

0.0000 

1.390 

45000 

68000 

0.87 

DULHASTI-3 

390.0 

0.0000 

1.390 

772000 

1157000 

0.87 

SAWALKOT- HE (C) 

600.0 

0.0000 

1.390 

1535000 

2302000 

0.87 

jaK-SMALL 

6*0 

0.0000' 

1.390 

8000 

11000 

0.87 

KARGIL 

4.0 





0.87 

LOWER JHELUM 

105.0 

0.0000 

1.390 

111000 

232000 

0.87 

GANDERBAL 

HHIEHi 

0.0000 

1.390 

37000 

56000 

0.87 

PARNAI 




96000 

144000 

0.87 

SALAL-I-3 

345.0 

0.0000 

1.390 

630000 

842000 

0.87 

SAUL-II-3 

345.0 

0.0000 

1.390 

625000 

842000 

0.87 

SEWA-in 

9.0 


1.390 

19000 

28000 

0.87 

SEWA-n (new) 

120.0 

0.0000 

1.390 

226000 

338000 

0.87 

RAMPUR (new) 

400.0 

0.0000 

1.390 

480000 

720000 

0.87 

UPPER SINDH-I 

22.0 

0.0000 

1.390 

42000 


0.87 

UPPER SINDH-li 

70.0 

0,0000 

1.390 

65000 

IIEEEESli 

0.87 

UPPER SINDH-ni 

35.0 

0.0000 

1.390 

32000 

49000 

0.87 

URI-4'' 

480.0 

0.0000 

1.390 

605000 

1176000 

0.87 

1 . \ 
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MOMURA 

ananppur samim"” 

bTas ponc; b 
bmakra (nuKi^) s 

GA’WAUKOIIA 1 3 
MUK^ RIAN A (' 
^SlIAMPUR KHANIM 
SHAN AN 1 S 

RAN3It"$AGARi4 
UBdF -6 

'mOOPi^^ARW 
JAWAMAR SAGAR- I ? 
MAUI .M4 

“''‘RJ\SA(>AFr{F 

RAISMAll 

CHIBRCV'A 

dhakranm j 

DfiAl UH3R .1 
DHAUi k;anga I 
KNARA J 

‘ knatima uanga 

rj.' ^ 

maniri iuiaii i;j 

' MANf RI HU n I 

MANiiliFlI-4 


9.0 
134.q" 

^990.0 

j6().0 

l?b0,() 

20A0 

Im^Q 

Tio.o'‘ 

600.0 

90.0 
50.Q 

litL- 

loo.Q 

1 . 40 . 6 ^ 

172^0 

10.0 

240.0 

34.0 ^ 
bLQ 
2B0.0 

;2.q 

^’4^Lq_ 

ljq.q 

PM. 

'i5M 

90.0 

76.0 

' 2287 o 


30.0 




TEHRI ST hi 


rmRiSM:jHi4 
I", l^»*SMAU 

^ jot£shwar 1 4 

’Fshnuhrayac »!((:) 
vishnuprayac i.RC) 

GANDHI I>A(.ARt4/, 


taia hi Rm;> 


IMA HI hSM 


MARIKHEDA m (SC 


OMKAReSHWARl'^4 C 


KANHDR 


UKAl 4 
UKAl IH.< 




271000 

783000 

0.87 

436000 

786000 

0.87 

277000 

416000 

0.87 



0.0000 1 

1.390 

0. 


1.390 



10000 


173000 


287000 


287000 


573000 


41000 


1971000 


824000 


402000 


14000 


262000 


430000 


430000 


860000 


103000 


2957000 


1236000 


29000 

44000 

515000 

773000 

3000 

5000 

129000 

291000 

8000 

11000 
















































































































































0,0000 

070000 


73000 


90000 


130000 


66000 


33000 


333000 

50000 


109000 


137000 


200000 


98000 


108000 


980000 

17000 
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NAG. SAGAR RB 


NAG.SAGAR2-8+PH1 


U.KRISHNA(NEW) 


ALMATI DAM(NEW)1 


NI2AMSAGAR 


0.0000 


PENNA AB-1-2 

20.0 0.0000 

POCHAMPAD-1-3 

27.0 0.0000 


SINGUR HE 


SRISAILAM-1-7 


UPPER SILERU-1-4 


BHADRA RBC-n 


BHADRA-3PH 


GHAT PRABHA-1-2 


30G-1-8 


KALINADI-M-B 


SUP DAM-1-2 


KAR -SMALL 


LINGANAMAKKl-1-2 


MALLAPUR 


MUNIRABAD-1-3 


SHARAVATHY-1-10 


SHIMSHA 


0.0000 


0 . 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


0,0000 


0.0000 


VARAHM-2 


VARAHI-MANI DAM 


0.0000 


0.0000 


IDDUKM-6 

780.0 0.0000 


IDMALYAR-1-2 

75.0 0.0000 



KAKKAD-18i2 


KALLADA-1&2 


MANIAR 


KUTIYADM-3 


KUTIYADI EXTN 


LOWER PERIYAR 


NERIAMANGLAM 


PALLIVASAL 


PANIAR 


PORINGALKUTTU -I 


PORINGALKUTHU-n 


KUTIYADI (NEW) 


SABRIGIRM-e 


SERGUUM 


SHOLAYAR 


ADIRAPALLI-C 


ALIYAR 




BHAWANI KATH.CSC 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


0,0000 


0.0000 


0.0000 


0.0000 


94000 


516000 


186000 


480000 


470000 


65000 


0.0000 1 

1.390 

3 


500 


59000 


1000 


37000 


1097000 


43000 


1009000 


279000 


720000 


18000 


5 


40000 


1868000 


340000 


0 


0 


360000 


2097000 


360000 


0 


216000 


24000 


63000 


4136000 



SHIVSAMUDRAM-1-10 

42.0 


0.0000 

1.390 

SHIVPUR 

18.0 


0.0000 

1.390 

T'BHADR DAM+HAMPI 

72,0 


0.0000 

1.390 


0.0000 
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L.BHAVANI+DAM RBC 


LOWER METTUR-1-8 


METTUR DAM+TUNNEL 


MOYAR-1-3 


PAPANASAM 


PERIYAR-1-4 


KALLADA 


PYKARA 


PYKARA ULT,-1 


PYKARA ULT,-2&3 


SANKARPATHY 


SATHNUR DAM 


SERVALAR 


SHOLAYAR-1^2 


SURLIAR 


VAI6AI MICRO 


KADAM PARIAM-4 



EAST GANDAK-18t2 

15.0 

0.0000 

EAST GANDAK-3 

5.0 

0.0000 


KOEL KARO-l-3(C) 


KOEL KAR0-4-7(C) 


KOSI 


PANCHET HILL 


SONE EAST UNK 


SONE WEST CANAL 


SUBEREKHA-1-2 


CHANDIL HE 


MAITHON-2‘-3 


TEESTA DAM3-4(N) 


FARAKKA BAR-C 


KAMENG3-4 (C) 

300.0 

BAUMELA 6 

360.0 

BAQMELA-ST-II 

150.0 

HIRAKUD-I+II 

307.0 

MACHKUND 

115.0 

RENGALI 

250.0 



UPPER INDRA-2 


UPPER INDRA-4 


UPPER KOUB-4 


LOWER UGYAP 


RANGIT-IIl 


RANGIT-II2 


RATHONGCHU-l 


RATHONGCHU-2 


UPPER RONGNICHU 






RAMMAM ST-12 


0.0000 


0.0000 


0.0000 


0.0000 



0.0000 


0.0000 









0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


35 


194000 


25200 


93000 


65000 


65000 


21000 


157000 


34000 


10000 


88000 


4000 


12000 


679000 


36000 


2000 


102000 


4000 


6000 


52000 


15000 


43000 


549000 


236000 


720000 


720000 


340000 


120000 


302000 


148000 


400000 


27000 


256000 


490000 


106000 


90000 


293000 


37800 


256000 


97000 


97000 


136000 


24000 


227000 


59000 


0 


20000 


17000 


1019000 


54000 


53000 


39000 


4000 


9000 


43000 


23000 


87000 


823000 


353000 


1080000 


1080000 


666000 


180000 


286000 


521000 


385000 

336000 

356000 

534000 



600000 


348000 


50000 


68000 


136000 


43000 


85000 


0 _ 

0 
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SIKKIM-SMALL 


TEESTA-FALLl 


TEESTA-FALL2 


TEESTA-FALL3 


TEESTA-V 


WB-SMALL+TIUYYA 


RANGANADI-3 


TAGO 


KARBI-LBORP.-2 


KOPIU-4 


KOPILI-EXT 


LOKTAK-3 


LOKTAK D/S 


KHANDOIMG 


UMIAM-UMSR 


UMIAM-UMTRU IV 


UMTRU 


TUIRIAL 


TUIVAIl-C 


DOYANG-3 


LIKIMRO 


0 . 


0.0000 


248000 


6000 


95000 


186000 


45000 


146000 


155000 


0.0000 


0.0000 


0.0000 


0.0000 


GUMTI 

15.0 

0.0000 

NER^MICRO HYDRO 

22.0 

0.0000 

MYNTDU - C 

84.0 

0.0000 

BAIRABI HYDRO 

80.0 

0.0000 

PARBATI-I 

750.0 

0.0000 

PARBATMI 

800.0 

0.0000 


PARBATMII 


PAKALDUL 


BURSAR 


NIMBOO BAZGO 


CHAMERA-III 


520.0 


1000.0 


1020.0 


45.0 


231.0 


SUBANSIRI UPPER 

2000.0 

SUBANSIRI MIDDLE 

1600.0 


0.0000 


0.0000 


0.0000 


0.0000 


0.0000 


215000 


130000 


41000 


18000 


128000 


124000 


1120000 


1245000 


791000 


9 


143000 


409000 


68000 


405000 


232000 


116000 


125000 


324000 


194000 


61000 


52000 


192000 


186000 


1680000 


1863000 


1186430 


1436000 

2154000 

650400 

975600 


SUBANSIRI LOWER I 

1000.0 

0.0000 

SUBANSIRI LOWER I 

1000.0 

0.0000 


KOLDAM -1 (C) 


KOLDAM -2 (C) 


KOLDAM -3 (C) 


KOLDAM -4 (C) 


LOHARI NAGPALA 


PALANMERI 


UHL-ST in 


CHIRGAON 


PUDITAL USS 




KASHANG-n 


SAWARA KUDDU 


SORANG 


0.0000 , 


0.0000 


0.0000 


0.0000 


0.0000 


1484318 


1484318 


307000 


307000 


775600 


630400 


156476 


67600 


60000 


92000 


118000 


133200 


118800 


144000 


2225682 


2225682 


460000 


460000 


460000 


1163400 


945600 


234714 


101400 


90000 


148000 


177000 


199800 


178200 
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TIDONG 



1.390 

156800 


0.87 

RENUKA DAM 

40.0 

0.0000 


84800 

127200 

0.87 

NEW GANDERBAL 

45.0 

0.0000 

■RSSHI 

86800 

130200 

0.87 

SITKARI KUUN 

84.0 

0.0000 


181200 

271800 

0.87 

UBDC+MHP-ni 

105.0 

0.0000 

HDES3H 

188800 

283200 

0.87 

SHAHPURKHANDI EXT 

56.0 

0.0000 


76800 

115200 

0.87 

ALLAIN DUHANGAN 

192.0 



271272 

406908 

0.87 

KARCHAM WANGTOO U 

500.0 

0.0000 

HBEEEHI 


1368000 

0.87 

KARCHAM WANGTOO U 

500.0 

0.0000 

HDESBHi 

912000 

1368000 

0.87 

BUDHIL 

70.0 


HBE^m 

114400 

171600 

0.87 

BHARMOUR 

45.0 

0.0000 

■BKEnB 

100400 

150600 

0.87 

SAINJ 



1.390 


315000 


SRINAGAR 



1.390 

558800 

838200 


KADANA 

240.0 

0.0000 



29400 

0.87 

MEKADATU 

400.0 

0.0000 


752000 

1128000 

0.87 

SHIVASAMUDRAM 

270.0 

0.0000 




0.87 

MAHADAYI 

320.0 

0.0000 


254000 

381000 

0.87 

PKUTTY 

240.0 




386400 

0.87 

KOEL KARO 

710.0 


1.390 

400000 

600000 

0.87 

RAMMAM ST IV 

60.0 

0.0000 


122400 

183600 

0.87 

RANGANADMI 

130.0 

0,0000 


154960 

232440 

0.87 

LOWER KOPILI 

150.0 

0.0000 


244820 

367230 

0.87 

TIPAIMUKH 

1500.0 

0.0000 


1522280 

2283420 

0.87 


74 
































































APPENDIX-C 


Candidate Plants Data 

C-1: Candidate thermal power plants 


Name 

Coal 5 - 

500 

Coal 7 

-500 

CCGT- 

250 

PFBC -450 

IGCC- 

400 

Lignite 

-250 

BIGCC 

132 

Fuel type used 

Coal 5 

Coal 7 

Gas 

Coal 6 

Coal 6 

Lignite 

Wood 

Fuel consumption rate unit 

OOO'kg/ 

MWh 

OOO'kg/ 

MWh 

000'm3/ 

MWh 

OOO'kg/ 

MWh 

OOO'kg/ 

MWh 

OOO'kg/ 

MWh 

OOO'kg/ 

MWh 

Fuel Consumption 

0.7 

0.6 

0.2 

0.51 

0.51 

0.7 

0.51 

Calorific value (kBtu/kg) 

14 

16.5 

34.52 

15.0 

15.00 

11.11 

19.21 


1026 


550 

907 

551 

1078 

71.64 

SO 2 emission factor (kg/MWh) 

6 

6 

0.4 

0,255 

0.235 

14 

0,918 

NOx emission factor (kg/MWh) 


2.5 


0.6 

0.6 

1.64 

0.6 

Instalied capacity (MW) 

500 

500 


450 

400 

250 

132 

Earliest available year 

2006 

2006 

2006 

2006 


2006 


Availability 

0.73 

0.73 

0.8 

0.85 

0.85 

0.71 

0.85 

Unit depreciable Capital cost (k$) 

450000 

450000 

175000 

510000 

500000 

247500 

132000 

Unit non-depreclable Capital cost (k$) 

50000 

50000 

19500 

52500 

50000 

27500 

14520 

Heat rate at full load (Mcal/MWh) 

2500 

2400 

2062 

2100 

2050 

2100 

2469 

Operating cost (k$/MWh) 

0.0012 

0.0012 





0.0174 

Annual maintenance hour 

864 

864 

1296 

864 

864 


864 

Fixed O&M cost (k$/Mwmonth) 

2 

2 


2.2 

2.32 

2.0 

5.4 


C-2: Candidate hydro power plants 


NAME 

Capacit 

y(MW) 

No of 
Units 

Availability 

factor 


Oper 

ating 

cost 

(K$/ 

Mwhr 

) 

Fixed 

O&M 

cost 

(K$/ 

Mw 

month) 

Energy 
Season 1 
(Mwhr) 

Energy 

Season 

2 (Mwhr) 

Dhaullgangall 

70 

3 

0.9 

77777 

0 

1.39 

127333 

190800 

Klshanganga 

110 

3 

0.9 

122222 

0 

1.39 

191600 

287400 

Kotlibhel 

250 

4 

0.9 

277777 

0 

1.39 

541200 

811800 

Urlll 

70 

9 

0.9 

77777 

0 

1.39 



Bajoli Holi 

100 

2 

0.9 

mill 

0 

1.39 

172200 

258300 

Luhrl 

425 

1 

0.9 

472222 

0 

1.39 

360000 

540000 

Jhangithopan 

410 

1 

0.9 

455555 

0 

1.39 

619200 

928800 

Binoda 

100 

6 

0.9 

111111 

0 

1.39 

116800 

175200 
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Maslejghat 

100 

6 

0.9 

mill 

0 

IBH 

22^911 

112200 

Varandhghat 

100 

10 

0.9 

111111 

0 

IKISH 


112200 

Humbarll 

100 

4 

0.9 

mill 

0 

1.39 

I2ESI 

112200 

Dummugudum 

90 

4 

0.9 

100000 

0 

1.39 


132600 

BedthI 

105 

4 

0.9 

116666 

0 

1.39 

■ESIEEH 

127200 

Gundia High Head 

^120 

2 

0.9 


0 

1.39 

122000 

183000 

Mananthwadi 

120 

2 

0.9 


0 


163200 

244800 


90 

1 

0.9 

100000 

0 


136000 

204000 

PandiarPunnapuzha 

100 

1 

0.9 

mill 

0 

1.39 

163600 

245400 

Kadwan 

90 

5 

0.9 

100000 

0 

1.39 

60400 

90600 

Kanhar 

100 

3 

0.9 


0 


50000 


Hirakud-B 

102 

4 

0.9 


0 

|||||||||_ 

45200 

67800 

Teesta St-II 

100 

8 

0.9 

mill 

0 

1.39 

172000 

258000 

Lohit 

500 

6 

0.9 

555555 

0 

1.39 

580800 

871200 

Middle Siang 

250 

4 

0.9 

277777 

0 

I22H 

192000 

288000 

Sisirl 

110 

2 

0.9 

122222 

0 

20191 

97000 

292800 

Umangot comb Stl 

150 

1 

0.9 


0 

2Q^H 

108000 

162000 

Barak 

90 

1 

0.9 

100000 

0 

1.39 

158800 

238200 

KIrthai 

120 

2 

0.9 

133333 

0 

1.39 

211600 

317400 

Klrthalll 

120 

3 

0.9 

133333 

0 

1.39 

152800 

229200 

Khab-il 

105 

4 

0.9 

116666 

0 

1.39 

154400 

231600 

Sone 

100 

1 

0.9 

mill 

0 

1.39 

22^2 

118800 

SIngareddy 

100 

2 

0.9 

mill 

0 1 

1.39 

2^0211 

102000 

Lowerjurala 

160 

1 

0.9 


0 

1.39 

121600 

182400 

Kerala BhawanI 

150 

1 

0.9 

166666 

~ 0 ~^ 

1.39 

168000 

252000 

Sankhll 

186 

1 

0.9 

206666 

0 

1.39 

96400 

144600 

Lower SlangStl 

100 

4 

0.9 

133333 

0 

1.39 

111200 

166800 

Lower SlangSt2 

100 

4 

0.9 


0 

1.39 

111200 

166800 

Lower SiangStS 

100 

4 

0.9 


0 

1.39 

111200 

166800 

Lower SlangSt4 

100 

4 

0.9 

133333 

0 

1.39 

111200 

166800 

Nuukcharoong 

60 

1 

0.9 

66666 

0 

1.39 

87600 

131400 

Dibang stl 

250 

6 

0,9 

333333 

0 

1.39 


345600 

DIbang st2 

250 

6 

0.9 

333333 

0 

1.39 

230400 

345600 

Dlbang st3 

250 

6 

0.9 

333333 

0 

1.39 

230400 

345600 

Dibang st4 

250 

6 

0.9 

333333 

0 

1.39 

230400 

345600 

Upper Slangl 

250 

10 

0.9 

333333 

0 

1.39 

324800 

487200 

Upper Slang2 


10 

0.9 


0 

1.39 

324800 

487200 

Upper Slang3 


10 

0.9 

333333 

0 

1.39 

324800 

487200 

Upper Siang4 

250 

10 

0.9 


0 

1.39 

324800 

487200 

UpperSiang st 5 

250 

4 

0.9 


0 



487200 

Uttarnchal combined 

40 

12 

0.9 


0 



126600 

Maharastra combd 

65 

4 

0.9 


0 


52400 

78600 
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APPENDIX- D 


DSM Data 


D“l» Technical data and cost characteristics of appliances in residential 
sector 


Existing appliances to be replaced 

Efficient appliances considered 

Type of 
appliances 

No. of 

appliances in 
year 2003 
(Thousands) 

Cost in 
US$ 

Life 

in 

years 

Type of 
appliances 

Cost in 
US$ 

Life in 
years 

40W GLS 

45,500 

0.244 

0.5 

9WCFL 

9.44 

5 

60W GLS 

1,06,190 

0.244 

0.5 

IIWCFL 

9.66 

5 

lOOWGLS 

1,36,530 

0.266 

0.5 

20W CFL 

12.11 

5 


D-2: Technical data and cost characteristics of agricultural pumps 


Number of 
agricultural 
pumps in 2003 
(Thousands) 

Type of 
rectification 

Saving in 
power (KW) 
Per pump 

Life in years 

Cost in US $ 

15,225 

Complete 

rectification 

1.5 

20 

333.34 

Partial 

rectification 

0.8 

8 

66.66 
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D-3: Penetration rates in percentage for considered DSM options 


Year 

DSMl 

DSM 2 

DSM 3 

DSM 4 

DSM 5 

2006 

8.8 

8.8 

8.8 

8.8 

16.0 





10.0 

18.0 


12.5 

12.5 

12.5 


22.0 

2009 

15.0 

15.0 

15.0 

15.0 

26.0 

2010 

17.5 

17.5 

17.5 

17.5 

30.0 

2011 

20.0 

20.0 

20.0 

20.0 

34.0 


22.5 

22.5 

22.5 

22.5 

38.0 


25.0 

25.0 

25.0 

25.0 

42.0 

2014 

26.3 

26.3 

26.3 

26.3 

44.0 

2015 

27.5 

27.5 

27.5 

27.5 

46.0 

2016 

28.8 

28.8 

28.8 

28.8 

48.0 

2017 

30.0 

30.0 

30.0 

30.0 

50.0 

2018 

32.5 

32.5 

32.5 

32.5 

52.0 

2019 

35.0 

35.0 

35.0 

35.0 

54.0 

2020 

37.5 

37.5 

37.5 

37.5 

56.0 

2021 

40.0 

40.0 

40.0 



2022 

42.5 

42.5 

42.5 

42.5 

60.0 

2023 

45.0 

45.0 

45.0 

45.0 

62.0 

2024 

47.5 

47.5 

47.5 

47.5 

64.0 

2025 

50.0 

50.0 

50.0 

50.0 

66.0 
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D-4: Normalized chronological load curve for considered DSM options 


Block 

DSM1/DSM2 

DSM3 

DSM 4/ DSM 5 

Season 1 

Season 2 

Season 1 

Season 2 

Season 1 

Season 2 

1 

0.027565 

0.027731 

0.006125 

0.006162 

0.275424 

0.59322 

2 

0.027107 

0.027277 

0.006024 

0.006061 

0.275424 

0.59322 

3 

0.026409 

0.026985 

0.005869 

0.005997 

0.275424 

0.625 


0.0267 

0.027888 

0.005933 

0.006197 

0.275424 

0.741525 

5 

0.018813 

0.020553 

0.043897 

0.047956 

0.305085 

0.987288 

6 

0.018505 

0.021273 

0.043178 

0.049636 

0.349576 

1 

7 

0.01821 

0.020761 

0.04249 

0.048442 

0.349576 

0.987288 

8 

0.018126 

0.020918 

0.042294 

0.048809 

0.349576 

0.944915 

9 


0 

0.022552 

0.025345 

0.275424 

0.894068 


0 

0 

0.022479 

0.024126 

0.275424 

0.830508 

11 

0 



0.023573 

0.275424 

0.826271 

12 

0 

0 

0.02275 

0.02386 

0.275424 

0.809322 

13 

0 

0 

0.023163 

0.024017 

0.305085 

0.529661 

14 

0.8313 

0.9394 

0.8313 



0.097458 

15 


1 


1 

0.038136 

0.101695 

16 



1 

0.9927 

0.038136 

0.101695 

17 

0.9923 

0.9864 

0.9923 

0.9864 

0.038136 

0.173729 

18 

0.9553 

0.9642 

0.9553 

0.9642 

0.245763 

0.608051 

19 


0.9113 

0.8964 

0.9113 

0.245763 

0.601695 

20 

0.027885 

0.028317 

0.006197 

0.006293 

0.245763 

0.59322 
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Appendix-E 


Emission Targets of Annex-B Countries 

Party 

Quantified emission Limitation 
(Percentage of base year) 

Australia 

108 

Austria 

92 

Belgium 

92 

Bulgaria 

92 

Canada 

94 

Croatia 

95 

Czech Republic 

92 

Denmark 

92 

Estonia 

92 

European Community 

92 

Finland 

92 

France 

92 

Germany 

92 

Greece 

92 

Hungary 

94 

Iceland 

110 

Ireland 

92 

Italy 

94 

Japan 

92 

Latvia 

92 

Liechtenstein 

92 

Lithuania 

92 

Luxembourg 

92 

Monaco 

92 

Netherlands 

92 

New Zealand 

100 

Norway 

101 

Poland 

94 

Portugal 

92 

Romania 

92 

Russian Federation 

100 

Slovakia 

92 

Slovenia 

92 

Spain 

92 

Sweden 

92 

Switzerland 

92 

Ukraine 

100 

United Kingdom of Great Britain and Northern Ireland 97 

United States of America 

93 
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